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TARGETED CHROMOSOMAL GENOMIC ALTERATIONS 
WITH MODIFIED SINGLE STRANDED OLIGONUCLEOTIDES 



Field Of The Invention 

The technical field of the invention is oligonudeotide^irected repair or alteration of 
genetic information using novel chemically modified oligonucleotides. Such genetic information is 
preferably from a eukaryotic organism, i.e. a plant animal or fungus. 

Background O f The Invention 

A number of methods have been developed specifically to after the sequence of an 
isolated DNA in addition to methods to alter directly the genomic information of various plants, fungi and 
animals, including humans ("gene therapy-). The latter methods generally include the use of viral or 
plasmid vectors carrying nucleic acid sequences encoding partial or complete portions of a particular 
protein which is expressed in a cell or tissue to effect the alteration. The expression of the particular 
protein then results in the desired phenotype. For example, retroviral vectors containing a transgenic 
DNA sequence allowing for the production of a normal CFTR protein when administered to defective cells 
are described in U.S. Patent 5,240,846. Others have developed different 'gene therapy vectors' which 
include, for example, portions of adenovirus (Ad) or adeno-associated virus (AAV), or other viruses. The 
virus portions used are often long terminal repeat sequences which are added to the ends of a transgene 
of choice along with other necessary control sequences which allow expression of the transgene.' See 
U.S. Patents 5,700,470 and 5,139,941. Similar methods have been developed for use in plants. See for 
example, U.S. Patent 4,459,355 which describes a method for transforming plants with a DNA vector and 
U.S. Patent 5,1 88,642 which describes cloning or expression vectors containing a transgenic DNA 
sequence which when expressed in plants confers resistance to the herbicide glyphosate. The use of 
such transgene vectors in any eukaryotic organism adds one or more exogenous copies of a gene, which 

in a usually random fashion at one or more integration sites of the 
organism's genome at some frequency. The gene which was originally present in the genome, which 
may be a normal allelic variant mutated, defective, and/or functional, is retained in the genome of the 
host 



WO 01/73002 " PCT/US01/09761 

-2- 

These methods of gene correction are problematic in that complications which can 
compromise the health of the recipient or even lead to death, may result One such problem is that 
insertion of exogenous nucleic acid at random location(s) in the genome can have deleterious effects. 
Another problem with such systems includes the addition of unnecessary and unwanted genetic material 
to the genome of the recipient including, for example, viral or other vector remnants, control sequences 
required to allow production of the transgene protein, and reporter genes or resistance markers. Such 
remnants and added sequences may have presently unrecognized consequences, for example, involving 
genetic rearrangements of the recipient genomes. Other problems associated with these types of 
traditional gene therapy methods include autoimmune suppression of cells expressing an inserted gene 
due to the presence of foreign antigens. Concerns have also been rased with consumption, especially 
by humans, of plants containing exogenous genetic material. - 

More recently, simpler systems involving poly- or oligo- nucleotides have been described 
for use in the alteration of genomic DNA. These chimeric RNA-DNA oligonucleotides, requiring 
contiguous RNA and DNA bases in a double-stranded molecule folded by complementarity into a double 
hairpin conformation, have been shown to effect single basepair or frameshift alterations, for example, for 
mutation or repair of plant or animal genomes. See, for example, WO 99/07865 and U.S. Patent 
5,565,350. In the chimeric RNA-DNA oligonucleotide, an uninterrupted stretch of DNA bases within the 
molecule is required for sequence alteration of the targeted genome while the obligate RNA residues are 
involved in complex stability. Due to the length, backbone composition, and structural configuration of 
these chimeric RNA-DNA molecules, they are expensive to synthesize and difficult to purify. Moreover, if 
the RNA-containing strand of the chimeric RNA-DNA oligonucleotide is designed so as to direct gene 
conversion, a series of mutagenic reactions resulting in nonspecific base alteration can result Such a 
result compromises the utility of such a molecule in methods designed to alter the genomes of plants and 
animals, including in human gene therapy applications. 

Alternatively, other oligo- or poly- nucleotides have been used which require a triplex 
forming, usually polypurine or polypyrimidine, structural domain which binds to a DNA helical duplex 
through Hoogsteen interactions between the major groove of the DNA duplex and the oligonucleotide. 
Such oligonucleotides may have an additional DNA reactive moiety, such as psoralen, covalentiy linked 
to the oligonucleotide. These reactive moieties function as effective intercalation agents, stabilize the 
formation of a triplex and can be mutagenic. Such agents may be required in order to stabilize the triplex 
forming domain of the oligonucleotide with the DNA double helix if the Hoogsteen interactions from the 
oligonudeotide/target base composition are insufficient See, e.g., U.S. Patent 5,422,251 . The utility of 
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these oligonucleotides for directing gene conversion is compromised by a high frequency of nonspecific 
base changes. 

In more recent work, the domain for altering a genome is linked or tethered to the triplex 
forming domain of the bi-functional oligonucleotide, adding an additional linking or tethering functional 
domain to the oligonucleotide. See, e.g., Culver et al., NaMelp^hjpJojy 17:989-93(1999). Such 
chimeric or triplex forming molecules have distinct structural requirements for each of the different 
domains of the complete poly- or oligonucleotide in order to effect the desired genomic alteration in either 
episomal or chromosomal targets. 

Other genes. e.g. CFTR, have been targeted by homologous recombination using duplex 
fragments having several hundred basepairs. See, e.g., Kunzelmann et al., GeneTher 3:859-867 
(1996). Early experiments to mutagenize an antibiotic resistance indicator gene by homologous 
recombination used an unmodified DNA oligonucleotide with no functional domains other than a region of 
complementary sequence to the target See Campbell et al, NewKpJogist 1:223-227 (1989). These 
experiments required large concentrations of the oligonucleotide, exhibited a very low frequency of 
episomal modification of a targeted exogenous plasmid gene not normally found in the cell and have not 
. been reproduced. However, as shown in the examples herein, we have observed that an unmodified 
DNA oligonucleotide can convert a base at low frequency which is detectable using the assay systems 
described herein. 

Artificial chromosomes can be useful for the screening purposed identified herein. These 
molecules are man-made linear or circular DNA molecules constructed from essential cis-acting DNA 
sequence elements that are responsible for the proper replication and partitioning of natural 
chromosomes (Murray et al., 1 983). The essential elements are: (1) Autonomous Replication Sequences 
(ARS), (2) Centromeres, and (3) Telomeres. 

Yeast artificial chromosomes (YACs) allow large genomic DNA to be modified and used 
for generating transgenic animals [Burke et al., Science 236:806; Peterson et al., Trends Genet- 1 3:61 
(1997); Choi, et al., Nat Genet, 4:117-223 (1993). Davies, etal., Biotechnology 11:911-914 (1993), 
Matsuura, et al.. Hum. Mol. Genet, 5:451459 (1996), Peterson et al., Proc. Natl. Acad. Sci., 
93:6605-6609 (1996); and Schedl, et al., Cell, 86:71-82 (1996)]. Other vectors also have been developed 
for the cloning of large segments of mammalian DNA including cosmids, and bacteriophage P1 
(Sternberg Proc . Natl. Acad. Sci. U.SA, 87:103-107 (1990)]. YACs have certain advantages over 
these alternative large capacity cloning vectors [Burke et al.. Science, 236:806-8 12 (1987)]. The 
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maximum insert size is 35-30 kb for cosmids, and 100 kb for bacteriophage P1 , both of which are much 

smaller than the maximal insert for a YAC. 

An alternative to YACs are E. coli based cloning systems based on the E. coli fertility 
factor that have been developed to construct large genomic DNA insert libraries. They are bacterial 
artificial chromosomes (BACs) and P-1 derived artificial chromosomes (PACs) JMejia et al., Genome Res. 
7:179-186 (1997); Shizuya etal., Proc. Nat Acad. Sci. 89:8794-8797 (1992); toannou etal., Nat Genet, 
6:84-89 (1994); Hosoda et a!., Nucleic Acids Res. 18:3863 (1990)). BACs are based on the E. coli fertility 
plasmid (F factor); and PACs are based on the bacteriophage PI . These vectors propagate at a very low 
copy number (1-2 per cell) enabling genomic inserts up to 300 kb in size to be stably maintained in 
recombination deficient hosts. Furthermore, the PACs and BACs are circular DNA molecules that are 
readily isolated from the host genomic background by classical alkaline lysis pimboim et al., Nucleic 

Acids Res. 7:1513-1523(1979). 

Oligonucleotides designed for use in the alteration of genetic information are significantly 
different from oligonucleotides designed for antisense approaches. For example, antisense 
oligonucleotides are perfectly complementary to and bind an mRNA strand in order to modify expression 
of a targeted mRNA and are used at high concentration. As a consequence, they are unable to produce a 
gene conversion event by either mutagenesis or repair of a defect in the chromosomal DNA of a host 
genome. Furthermore, the backbone chemical composition used in most oligonucleotides designed for 
use in antisense approaches renders them inactive as substrates for homologous pairing or mismatch 
repair enzymes and the high concentrations of oligonucleotide required for antisense applications can be 
toxic with some types of nucleotide modifications. In addition, antisense oligonucleotides must be 
complementary to the mRNA and therefore, may not be complementary to the other DNA strand or to 
genomic sequences that span the junction between intron sequence and exon sequence. 

A need exists for simple, inexpensive oligonucleotides capable of producing targeted 
alteration of genetic material such as those described herein as well as methods to identify optimal 
oligonucleotides that accurately and efficiently alter target DNA. 



Summary Of The Invention 

Novel, modified single-stranded nucleic acid molecules that direct gene alteration in 
plants, fungi and animals are identifier' ~nd the efficiency of alteration is analyzed both in yjfcp. using a 
cell-free extract assay and in yjyo using a yeast cell system. The alteration in an oligonucleotide of the 
invention may comprise an insertion, deletion, substitution, as well as any combination of these. Site 
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specific alteration of DNA is not only useful for studying function of proteins in vivo, but it is also useful for 
creating animal models for human disease, and in gene therapy. As described herein, oligonucleotides of 
the invention target directed specific gene alterations in genomic double-stranded DNA cells. The target 
DNA can be normal, cellular chromosomal DNA, extrachromosomal DNA present in cells in different 
forms including, e.g., mammalian artificial chromosomes (MACs), PACs from P-1 vectors, yeast artificial 
chromosomes (YACs), bacterial artificial chromosomes (BACs), plant artificial chromosomes (PLACs), as 
well as episomal DNA, including episomal DNAfrom an exogenous source such as a plasmid or 
recombinant vector. Many of these artificial chromosome constructs containing human DNA can be 
obtained from a variety of sources, including, e.g., the Whitehead Institute, and are described, e.g., in 
Cohen eta/., Nature 336:698-701 (1993) and Chumakov.etat, Nature 377:174-297 (1995). Theterget 
DNA may be transcriptionally silent or active. In a preferred embodiment the target DNA to be altered is 
the non-transcribed strand of a genomic DNA duplex 

The low efficiency of gene alteration obtained using unmodified DNA oligonucleotides is 
believed to be largely the result of degradation by nucleases present in the reaction mixture or the target 
cell. Although different modifications are known to have different effects on the nuclease resistance of 
oligonucleotides or stability of duplexes formed by such oligonucleotides (see, e.g., Koshkin et al., J.Am. 
Chem - Soc " 1 20:1 3 252-3), we have found that it is not possible to predict which of any particular known 
modification would be most useful for any given atteration event including for the construction of gene 
conversion oligonucleotides, because of the interaction of different as yet unidentified proteins during the 
gene alteration event Herein, a variety of nucleic acid analogs have been developed that increase the 
nuclease resistance of oligonucleotides that contain them, including, e.g., nucleotides containing 
phosphorothioate linkages or y-Omethyl analogs. We recently discovered that single-stranded DNA 
oligonucleotides modified to contain 2'-0-methyl RNA nucleotides or phosphorothioate linkages can 
enable specific atteration of genetic information at a higher level than either unmodified single-stranded 
DNA or a chimeric RNA/DNA molecule. See priority applications incorporated herein in their entirety: see 
also Gamper et al., Nucleic Acids Research 28: 4332-4339 (2000). We also found that additional nucleic 
acid analogs which increase the nuclease resistance of oligonucleotides that contain them, including, e.g., 
locked nucleic acids" or "LNAs", xylo-LNAs and L-ribo-LNAs; see. for example, Wengel & Nielsen WO ' 
99/14226; Wengel. WO 00/56748 and Wengel, WO 00/66604; also allow specific targeted alteration of 
genetic information. 

The assay allows for determining the optimum length of the oligonucleotide, optimum 
sequence of the oligonucleotide, optimum position of the mismatched base or bases, optimum chemical 
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modification or modifications, optimum strand targeted for identifying and selecting the most efficient 
oligonucleotide for a particular gene alteration event by comparing to a control oligonucleotide. Control 
oligonucleotides may include a chimeric RNA-DNA double hairpin oligonucleotide directing the same 
gene alteration event an oligonucleotide that matches its target completely, an oligonucleotide in which all 
linkages are phosphorothiolated, an oligonucleotide fully substituted with 2-O-methyl analogs or an RNA 
oligonucleotide. Such control oligonucleotides either fail to direct a targeted alteration or do so at a lower 
efficiency as compared to the oligonucleotides of the invention. The assay further allows for determining 
the optimum position of a gene alteration event within an oligonucleotide, optimum concentration of the 
selected oligonucleotide for maximum alteration efficiency by systematically testing a range of 
concentrations, as well as optimization of either the source of cell extract by testing different organisms or 
strains, or testing cells derived from different organisms or strains, or cell lines. Using a series of 
single-stranded oligonucleotides, comprising all RNA or DNA residues and various mixtures of the two, 
several new structures are identified as viable molecules in nucleotide conversion to director repair a 
genomic mutagenic event When extracts from mammalian, plant and fungal cells are used and are 
analyzed using a genetic readout assay in bacteria, single-stranded oligonucleotides having one of 
several modifications are found to be more active than a control RNA-DNA double hairpin chimera 
structure when evaluated using an in vitro gene repair assay. Similar results are also observed in vivo 
using yeast mammalian, rodent monkey, human and embryonic celts, including stem cells. Molecules 
containing various lengths of modified bases were found to possess greater activity than unmodified 
single-stranded DNA molecules. 

Detailed Description Of The Invention 

The present invention provides oligonucleotides having chemically modified, nuclease 
resistant residues, preferably at or near the termini of the oligonucleotides, and methods for their 
identification and use in targeted alteration of genetic material, including gene mutation, targeted gene 
repair and gene knockout The oligonucleotides are preferably used for mismatch repair or alteration by 
changing at least one nucleic acid base, or for frameshift repair or alteration by addition or deletion of at 
least one nucleic acid base. The oligonucleotides of the invention direct any such alteration, including 
gene correction, gene repair or gene mutation and can be used, for example, to introduce a 
polymorphism or haplotype or to eliminate ("knockout") a particular protein activity. 

The oligonucleotides of the invention are designed as substrates for homologous pairing 
and repair enzymes and as such have a unique backbone composition that differs from chimeric RNA- 
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DMA double hairpin oligonucleotides, antisense oligonucleotides, and/or other poly, or oligo-nucleotides 
used for altering genomic DNA, such as triplex forming oligonucleotides. The single-stranded oligo- 
nucleotides described herein are inexpensive to synthesize and easy to purify. In side-by-side 
comparisons, an optimized single-stranded oligonucleotide comprising modified residues as described 
herein is significantly more efficient than a chimeric RNA-DNA double hairpin oligonucleotide in directing a 
base substitution or frameshift mutation in a cell-free extract assay. 

We have discovered that single-stranded oligonucleotides having a DNA domain 
surrounding the targeted base, with the domain preferably central to the poly- or oligonucleotide, and 
having at least one modified end. preferably at the 3' terminal region are able to alter a target genetic 
sequence and with an efficiency that is higher than chimeric RNA-DNA double hairpin oligonucleotides 
disclosed in US Patent 5.565,350. Oligonucleotides of the invention can efficiently be used to introduce 
targeted alterations in a genetic sequence of DNA in the presence of human, animal, plant fungal 
(including yeast) proteins and in cultured cells of human liver, lung, colon, cervix, kidney, epethelium and 
cancer cells and in monkey, hamster, rat and mouse cells of different types, as well as embryonic stem 
, cells. Cells for use in the invention include, e.g.. fungi including & cerevisiae, Ustillago maydis and 
, Candida albicans, mammalian, mouse, hamster, rat. monkey, human and embryonic cells including stem 
cells. The DNA domain is preferably fully complementary to one strand of the gene target exceptfor the 
mismatch base or bases responsible for the gene alteration or conversion events. On either side of the 
preferably central DNA domain, the contiguous bases may be either RNA bases or. preferably, are 
Primarily DNA bases. The central DNA domain is generally at least 8 nucleotides in length. The basefs) 
targeted for alteration in the most preferred embodiments are at least about 8. 9 or 1 0 bases from one end 
of the oligonucleotide. 

According to certain embodiments, the termini of the oligonucleotides of the present 
invention comprise phosphorothioate modifications. LNA backbone modifications, or Z-O-methyl base 
analogs, or any combination of these modifications. Oligonucleotides comprising Z-O-methyl or LNA 
analogs are a mixed DNA/RNA polymer. These oligonucleotides are. however, single-stranded and are 
not designed to form a stable internal duplex structure within the oligonucleotide. The efficiency of gene 
alteration is surprisingly increased with oligonucleotides having internal complementary sequence 
comprising phosphorothioate modified bases as compared to 2'-0-methyl modifications. This result 
indicates that specific chemical interactions are involved between the converting oligonucleotide and the 
proteins involved in the conversion. The effect of other such chemical interactions to produce nuclease 
resistant termini using modifications other than LNA. phosphorothioate linkages, or Z-O-methyl analog 
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incorporation into an oligonucleotide can not yet be predicted because toe proteins involved in the 
alteration process and their particular chemical interaction with the oligonucleotide substituents are not 

yet known and cannot be predicted. 

In the examples, correcting oligonucleotides of defined sequence are provided tor 
correction of genes mutated in human diseases. In the tables of these examples, the oligonucleotides of 
the invention are not limited to the particular sequences disclosed.' The oligonucleotides of the invention 
include extensions of the appropriate sequence of the longer 120 base oligonucleotides which can be 
added base by base to the smallest disclosed oligonucleotides of 17 bases. Thus the oligonucleotides of 
the invention include for each correcting change, oligonucleotides of length 18, 19, 20, 21, 22, 23, 24, 25, 
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47. 48, 49, 50, 51, 52, 53, 
54, 55, 56, 57, 58. 59, 60. 61, 62. 63. 64. 65. 66, 67. 68. 69. 70 r 71. 72. 73. 74. 75. 76. 77. 78. 79. 80, 81, 
82, 83. 84, 85. 86. 87, 88. 89, 90. 91. 92, 93. 94. 95. 96. 97, 98, 99. 100. 101. 102. 103, 104. 105. 106. 
107, 108, 109, 110. 111. 112, 113, 114, 115. 116, 117. 118, 119. or 120 with further single-nucleotide 
additions up to the longest sequence disclosed. Moreover, the oligonucleotides of the invention do not 
require a symmetrical extension on either side of the central DNA domain. Similarly, the oligonucleotides 
of the invention as disclosed in the various tables for correction of human diseases contain 
phosphorothioate linkages, Z-O-methyl analogs or LNAs or any combination of these modifications just 

as the assay oligonucleotides do. 

The present invention, however, is not limited to oligonucleotides that contain any 
particular nuclease resistant modification. Oligonucleotides of the invention may be altered with any 
combination of additional LNAs, phosphorothioate linkages or Z-O-methyl analogs to maximize 
conversion efficiency. For oligonucleotides of the invention that are longer than about 17 to about 25 
bases in length, internal as well as terminal region segments of the backbone may be altered. 
Alternatively, simple fold-back structures at each end of a oligonucleotide or appended end groups may 
be used in addition to a modified backbone for conferring additional nuclease resistance. 

The different oligonucleotides of the present invention preferably contain more than one 
of the aforementioned backbone modifications at each end. In some embodiments, the backbone 
modifications are adjacent to one another. However, the optimal number and placement of backbone 
modifications for any individual oligonucleotide will vary with the length of the oligonucleotide and the 
particular type * backbone modifications) that are used. If constructs of identical sequence having 
phosphorothioate linkages are compared, 2, 3, 4. 5, or 6 phosphorothioate linkages at each end are 
preferred. If constructs of identical sequence having Z-O-methyl base analogs are compared, 1, 2, 3 or 
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analogs are preferred. The optimal number and type of backbone modifications for any particular oligo- 
nucleotide usey for altering target DNA may be determined empirically by comparing the alteration 
efficiency of the oligonucleotide comprising any combination of the motivations to a control molecule of 
comparable sequence using any of the assays described herein. The optimal positions) for 
oligonucleotide modifications for a maximally efficient altering oligonucleotide can be determined by 
testing the various motivations as compared to control molecule of comparable sequence in one of the 
assays disclosed herein. In such assays, a control molecule includes, e.g., a completely r-O-rnethyl 
substituted molecule, a completely complementary oligonucleotide, or a chimeric RNA-DNA double 
hairpin. 

Increasing the number of phosphorothioate linkages. LNAs or 2"-0-methyl bases beyond 
the preferred number generally decreases the gene repair activity of a 25 nucleotide long oligonucleotide 
Based on analysis of the concentration of oligonucleotide present in the extract after different time periods 
of mcubation, it is believed that the terminal modifications impart nuclease resistance to the oligonucleo- 
tde thereby allowing it to survive within the cellular environment However, this may not be the only 
possibte mechanism by which su^ Forexamp(e 

u as d.sclosed herein, certain modifications to oligonucleotides confer a greater improvement the 

.. efficiency of conversion than other modifications. 

Efficiency of conversion is defined herein as the percentage of recovered substate 
molecutes that have undergone a conversion event Depending on the nature of the target genetic 
material, e.g. the genome of a cell, efficiency could be represented as the proportion of cells or clones 
containing an extrachromosomal elementthat exhibit a particular phenotype. Alternatively, representative 
samples of the target genetic material can be sequenced to determine the percentage that have acquired 
the desrre change. The oligonucleotides of the invention in different embodiments can alter DNA one two 
three, four, five, six, seven, eight nine, ten, twelve, fifteen, twenty, thirty, and fifty or more fold more than ' 
control oligonucleotides. Such control ofigonucleotides are oUgonucleoSdes with folly phosphorothfolated 
linkages, oligonucleotides thatare folly substituted with 2'-Omethyl analogs, a perfectly matched 

oligonucleotide that is folly complementary to a target sequence or a chimeric DNA-RNA double hairpin 

oligonucleotide such as disclosed in US Patent 5,565,350. 

In addition, for a given oligonucleotide length, additional modifications interfere with the 

ability of the oligonucleotide to act in conn* with the cellular recombination or repair enzyme machinery 

wh.ch ,s necessary and required to mediate a targeted substitution, addition or deletion event in DNA. For 
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example, fully phosphorothiolated or fully 2-O-methylated molecules are inefficient in targeted gene 
alteration. 

The oligonucleotides of the invention as optimized for the purpose of targeted alteration 
of genetic material, including gene knockout or repair, are different in structure from antisense oligo- 
nucleotides that may possess a similar mixed chemical composition backbone. The oligonucleotides of 
the invention differ from such antisense oligonucleotides in chemical composition, structure, sequence, 
and in their ability to alter genomic DNA Significantly, antisense oligonucleotides fail to direct targeted 
gene alteration. The oligonucleotides of the invention may target either the Watson or the Crick strand of 
DNA and can include any component of the genome including, for example, intron and exon sequences. 
The preferred embodiment of the invention is a modified oligonucleotide that binds to the non-transcribed 
strand of a genomic DNA duplex. In other words, the preferred oligonucleotides of the invention target the 
sense strand of the DNA, i.e. the oligonucleotides of the invention are complementary to the non- 
transcribed strand of the target duplex DNA The sequence of the non-transcribed strand of a DNA 
duplex is found in the mRNA produced from that duplex, given that mRNA uses uracikontaining 
nucleotides in place of thymine-containing nucleotides. 

Moreover, the initial observation that single-stranded oligonucleotides comprising these 
modifications and lacking any particular triplex forming domain have reproducibly enhanced gene repair 
activity in a variety of assay systems as compared to a chimeric RNA-DNA double-stranded hairpin 
control or angle-stranded oligonucleotides comprising other backbone modifications was surprising. The 
single-stranded molecules of the invention totally lack the complementary RNA binding structure that 
stabilizes a normal chimeric double-stranded hairpin of the type disclosed in U.S. Patent 5,565,350 yet is 
more effective in producing targeted base conversion as compared to such a chimeric RNA-DNA double- 
stranded hairpin. In addition, the molecules of the invention lack any particular triplex forming domain 
involved in Hoogsteen interactions with the DNA double helix and required by other known 
oligonucleotides in other oligonucleotide dependant gene conversion systems. Although the lack of these 
functional domains was expected to decrease the efficiency of an alteration in a sequence, just the 
opposite occurs: the efficiency of sequence alteration using the modified oligonucleotides of the invention 
is higher than the efficiency of sequence alteration using a chimeric RNA-DNA hairpin targeting the same 
sequence alteration. Moreover, the efficiency of sequence alteration or gene conversion directed by an 
unmodified oligonucleotide is many times lower as compared to a citrol chimeric RNA-DNA molecule or 
the modified oligonucleotides of the invention targeting the same sequence alteration. Similarly, 
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molecules containing at least 3 2'-0-methyl base analogs are about four to five fold less efficient as 
compared to an oligonucleotide having the same number of phosphorothioate linkages. 

The oligonucleotides of the present invention for alteration of a single base are about 1 7 
to about 121 nucleotides in length, preferably about 1 7 to about 74 nucleotides in length. Most preferably, 
however, the oligonucleotides of the present invention are at least about25 bases in length, unless there ' 
are seti-dimerization structures within the oligonucleotide. If the oligonucleotide has such an unfavorable 
structure, lengths longer than 35 bases are preferred. Oligonucleotides with modified ends both shorter 
and longer than certain of the exemplified, modified oligonucleotides herein function as gene repair or 
gene knockout agents and are within the scope of trie-present invention. 

Once an oligomer is chosen, it can be tested for its tendency to self-dimerize, since self- 
dimerization may result in reduced efficiency of alteration of genetic information. Checking for self- 
dimerization tendency can be accomplished manually or, more preferably, by using a software program. 
One such program is Oligo Analyzer 20. available through Integrated DNA Technologies (Coralviile, IA 
52241) (r#://www.idtdnacom); this program is available for use on the world wide web at 

http://www.idWna.(»m/program/oligoanalyzer/ 
oligoanalyzer.asp. 

For each oligonucleotide sequence input into the program, Oligo Analyzer 2.0 reports possible self- 

dimerized duplex forms, which are usually only partially duplexed, along with the free energy change 

associated with such self-dimerization. Delta G-values that are negative and large in magnitude. 

indicating strong self-dimerization potential, are automatically flagged by the software as "bad". Another 

software program that analyzes oligomers for pair dimer formation is Primer Select from DNASTAR, Inc., 

1228 S. Park St. Madison, Wl 53715, Phone: (608) 258-7420 
(htto://www.dnastar.(»rr^ 

If the sequence is subject to significant self-dimerization, the addition of further sequence flanking the 
"repair" nucleotide can improve gene correction frequency. 

Generally, the oligonucleotides of the present invention are identical in sequence to one 
strand of the target DMA which can be either strand of the target DNA, with the exception of one or more 
targeted bases positioned within the DNA domain of the oligonucleotide, and preferably toward the middle 
between the modified terminal regions. Preferably, the difference in sequence of the oligonucleotide as 
compared to the targeted genomic DNA is located at aboutthe middle of the oligonucleotide sequence. In 
a preferred embodiment the oligonucleotides of the invention are complementary to the non-transcribed 
strand of a duplex. In other words, the preferred oligonucleotides target the sense strand of the DNA i.e. 
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the oligonucleotides of the invention are preferably complementary to the strand of the target DNA the 

sequence of which is found in the mRNA. 

The oligonucleotides of the invention can include more than a single base change. In an 
oligonucleotide that is about a 70-mer, with at least one modified residue incorporated on the ends, as 
disclosed herein, multiple bases can be simultaneously targeted for change. The target bases may be up 
to 27 nucleotides apart and may not be changed together in all resultant plasmids in all cases. There is a 
frequency distribution such that the closer the target bases are to each other in tine central DNA domain 
within the oligonucleotides of the invention, the higher the frequency of change in a given cell. Target 
bases only two nucleotides apart are changed together in every case that has been analyzed. The 
farther apart the two target bases are, the less frequent the simultaneous change. Thus, oligonucleotides 
of the invention may be used to repair or alter multiple bases rather than just one single base. For 
example, in a 74-mer oligonucleotide having a central base targeted for change, a base change event up 
to about 27 nucleotides away can also be effected. The positions of the altering bases within the 
oligonucleotide can be optimized using any one of the assays described herein. Preferably, the altering 
bases are at least about 8 nucleotides from one end of the oligonucleotide. 

The oligonucleotides of the present invention can be introduced into cells by any suitable 
means. According to certain preferred embodiments, the modified oligonucleotides may be used alone. 
Suitable means, however, include the use of polycations, cationic lipids, liposomes, polyethylenimine 
(PEI), etectroporation, biolistics, microinjection and other methods known in the art to facilitate cellular 
uptake. According to certain preferred embodiments of the present invention, the isolated cells are 
treated in culture according to the methods of the invention, to mutate or repair a target gene. Modified 
cells may then be reintroduced into the organism as, for example, in bone marrow having a targeted 
gene. Alternatively, modified cells may be used to regenerate the whole organism as, for example, in a 
plant having a desired targeted genomic change. In other instances, targeted genomic alteration, 
including repair or mutagenesis, may take place in yjvg following direct administration of the modified, 
single-stranded oligonucleotides of the invention to a subject 

The single-stranded, modified oligonucleotides of the present invention have numerous 
applications as gene repair, gene modification, or gene knockout agents. Such oligonucleotides may be 
advantageously used, for example, to introduce or correct multiple point mutations. Each mutation leads 
to the addition, deletion or substitution of at least one base pair. The methods of the present invention 
offer distinct advantages over other methods of altering the genetic makeup of an organism, in that only 
the individually targeted bases are altered. No additional foreign DNA sequences are added to the 
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genetic complement of the organism. Such agents may, for example, be used to develop plants or 
annuals with improved traits by rationally changing the sequence of selected genes in cultured cells 
Modrtied cells are then cloned into whole plants or animals having the altered gene See eg US 
Patent 6,046,380 and U.S. Patent 5,905, 1 85 incorporated hererin by reference. Such plants or animals 
produced using the conditions of the invention lack additional undesirable selectable markers or other 
forergn DMA sequences. Targeted base pair substitution or frameshift mutations introduced by an oligo- 
nucleotide in the presence of a cell-free extract also provides a way to modify the sequence of 
extrachromosomal elements, including, for example, plasmids, cosmids and artificial chromosomes The 
otigonucleotides of the invention also simplify the production of transgenic animals having particular 
modrfied or inactivated genes. Altered animal or plant model systems such as those produced using the 
methods and oligonucleotides of the invention are invaluable in determining the function of a gene and in 
evaluating drugs. The oligonucleotides and methods of the present invention may also be used for gene 
therapy to correct mutations causative of human diseases. 

The purified oligonucleotide compositions may be formulated in accordance with routine 
procedures as a pharmaceutical composition adapted for bathing cells in culture, for microinjection into 
5 cells ,n culture, and for intravenous administration to human beings or animals. Typically, compositions 
- for cellular administration or for intravenous administration into animals, including humans, are solutions 
•n stenle isotonic aqueous buffer. Where necessary, the composition may also include a solubilizing 
agent and a local anaesthetic such as lignocaine to ease pain at the site of the injection. Generally the 
.ngred.ents will be supplied either separately or mixed together in unit dosage form, for example as' a dry, 
lyophHizedpowderorwater-freeconcentrate. The composition may be stored in a hermetically sealed ' 
container such as an ampule or sachette indicating the quantity of active agent in activity units. Where 
the composition is administered by infusion, it can be dispensed with an infusion bottle containing sterile 
pharmaceutical grade "water for injection" or saline. Where the composition is to be administered by 
mjection, an ampule of sterile water for injection or saline may be proved so thatthe ingredients may be 
mixed prior to administration. 

Pharmaceutical compositions of this invention comprise the compounds of the present 
mvention and pharmaceuticaliy acceptable salts thereof, with any pharmaceuticaliy acceptable ingredient 
excipient earner, adjuvant or vehicle. 

"Tie oligonucleotides of the invention are preferably administered to the subject in the 
form of an injectable composition. The composition is preferably administered parenterally, meaning 
.ntravenously, Intraarterially, intrathecal, frn^ally or fntracavftarifly. Pharma^ulical composffibns of 
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this invention can be administered to mammals including humans in a manner similar to other diagnostic 
or therapeutic agents. The dosage to be administered, and the mode of administration will depend on a 
variety of factors including age, weight, sex, condition of the subject and genetic factors, and will 
ultimately be decided by medical personnel subsequent to experimental determinations of varying dosage 
as described herein. In general, dosage required for correction and therapeutic efficacy will range from 
about 0.001 to 50,000 pg/kg, preferably between 1 to 250 pg/kg of host cell or body mass, and most 
preferably at a concentration of between 30 and 60 micromolar. 

For cell administration, direct injection into the nucleus, biolistic bombardment 
electroporation, liposome transfer and calcium phosphate precipitation may be used. In yeast, lithium 
acetate or spheroplast transformation may also be used. In a preferred method, the administration is 
performed with a liposomal transfer compound, e.g., DOTAP (Boehringer-Mannheim) or an equivalent 
such as lipofectin. The amount of the oligonucleotide used is about 500 nanograms in 3 micrograms of 
DOTAP per 100,000 cells. For electroporation, between 20 and 2000 nanograms of oligonucleotide per 
million cells to be electroporated is an appropriate range of dosages which can be increased to improve 
efficiency of genetic alteration upon review of the appropriate sequence according to the methods 
described herein. 

Arotner aspect of the invention is a kit comprising at least one oligonucleotide of the 
invention. The lot may comprise an addition reagent or article of manufacture. The additional reagent or 
article of manufacture may comprise a cell extract, a cell, or a plasmid, such as one of those disclosed in 
the Figures herein, for use in an assay of the invention. 

Brief Description Of The Drawings 

Rgure 1. Bow diagram for the generation of modified single-stranded oligonucleotides. 

The upper strands of chimeric oligonucleotides I and II are separated into pathways resulting in the 

generation of single-stranded oligonucleotides that contain (A) 2'-0-methyl RNA nucleotides or (B) 

phosphorothioate linkages. Fold changes in repair activity for correction of kan s in the HUH7 cell- r. a 

extract are presented in parenthesis. HUH7 cells are described in Nakabayashi et al., Cancer Research 

42: 3858-3863 (1982). Each single-stranded oligonucleotide is 25 bases in length and contains a G 

residue mismatched to the complementary sequence of the kan 8 gene. The numbers 3, 6, 8, 10, 12 and 

12.5 respectively indicate how many phosphorothioate linkages (S) or 2-O-methyl RNA nucleotides (R) 

♦ 

are at each end of the molecule. Hence oligo 12S/25G contains an all phosphorothioate backbone, 
displayed as a dotted line. Smooth lines indicate DNA residues, wavy lines indicate 2-O-methyt RNA 
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residues and the carat indicates the mismatched base site (G). Figure 1 (C) provides a schematic plasmid 
indicating the sequence of the kan chimeric double-stranded hairpin oligonucleotide (left) and the 
sequence the tet chimeric double-stranded hairpin oligonucleotide used in other experiments. Figure 
1 (D) provides a flow chart of a kan experiment in which a chimeric double-stranded hairpin 
oligonucleotide is used. 

Figure 2. Genetic readout system for correction of a point mutation in plasmid pK s m4021 . 
A mutant kanamycin gene harbored in plasmid P K s m4021 is the target for correction by oligonucleotides. 
The mutant G is converted to a C by the action of the oligo. Corrected plasmids confer resistance to 
kanamycin in Ecoli (DH1 OB) after eledroporation leading to the genetic readout and colony counts. 

Figure 3: Target plasmid and sequence correction of a frameshift mutation by chimeric 
and single-stranded oligonucleotides. (A) Plasmid pT*A208 contains a single base deletion mutation at 
position 208 rendering it unable to confer tet resistance. The target sequence presented below indicates 
the insertion of a T directed by the oligonucleotides to re-establish the resistant phenotype. (B) DNA 
sequence confirming base insertion directed by Tet 3S/25G; the yellow highlight indicates the position of 
frameshift repair. 

Figure* DNA sequences of representative karf colonies. Confirmation of sequence 
alteration directed by the indicated molecule is presented along with a table outlining codon distribution. 
Note that 1 0S05G and 12S/25G elicit both mixed and unfaithful gene repair. The number of clones 
sequenced is listed in parentheses next to the designation for the single-stranded oligonucleotide. A plus 
W symbol indicates the codon identified while a figure after the r» symbol indicates the number of 
colonies with a particular sequence. TAC/TAG indicates a mixed peak. Representative DNA sequences 
are presented below the table with yellow highlighting altered residues. 

Figure 5. Gene correction in HeLa cells. Representative oligonucleotides of the 
invention are co-transfected with the P CMVneo(-)FIAsH plasmid (shown in Figure 9) into HeLa cells. 
Ugand is diffused into cells after co-transfection of plasmid and oligonucleotides. Green fluorescence 
indicates gene correction of the mutation in the antibiotic resistance gene. Correction of the mutation 
results in the expression of a fusion protein that carries a marker ligand binding site and when the fusion 
protein binds the ligand, a green fluorescence is emitted. The ligand is produced by Aurora Biosciences 
and can readily diffuse into cells enabling a measurement of corrected protein function; the protein must 
bind the ligand directly to induce fluorescence. Hence cells bearing corrected plasmid gene appear 
green while "uncorrected" cells remain colorless. 
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Rgure6. Z-series imaging of corrected cells. Serial cross-sections of the HeLa cefl 
represented in Figure 5 are produced by Zeiss 510 LSM confocal microscope revealing that the fusion 

protein is contained within the cell. 

Figured Hygmmycin-eGFP target plasmids. (A) Plasmid pAURHYG(ins)GFP contains 
a single base insertion mutation between nucleotides 136 and 137, atcodon 46, of the Hygromycin B 
coding sequence (cds) which is transcribed from the constitutive ADH1 promoter. The target sequence 
presented below indicates the deletion of an A and the substitution of a C for a T directed by the 
oligonucleotides to re-establish the resistant phenotype. (B) Plasmid pAURHYG(rep)GFP contains a 
base substitution mutation introducing a G at nucleotide 137, atcodon 46, of the Hygromycin B coding 
sequence (cds). The target sequence presented below the diagram indicates the amino acid 
conservative replacement of G with C, restoring gene function.. 

Figure 8. Oligonucleotides for correction of hygromycin resistance gene. The sequence 
of the oligonucleotides used in experiments to assay correction of a hygromycin resistance gene are 
shown. DNA residues are shown in capital letters, RNA residues are shown in lowercase and nucleotides 
with a phosphorothioate backbone are capitalized and underlined. 

Figure 9. pAURNeo(-)HAsH plasmid. This figure describes the plasmid structure, target 
sequence, oligonucleotides, and the basis for detection of the gene alteration event by fluorescence. 

Figure 10. pYESHyg(x)eGFP plasmid. This plasmid is a construct similar to the 
pAURHyg(x)eGFP construct shown in Figure 7, except the promoter is the inducible GAL1 promoter. 
This promoter is inducible with galactose, leaky in the presence of raffinose, and repressed in the 
presence of dextrose. 

The following examples are provided by way of illustration only, and are not intended to 
limit the scope of the invention disclosed herein. 

EXAMPLE 1 
Assay Method For Base Alteration 
And Preferred Oligonucleotide Selection 

In this example, single-stranded and double-hairpin oligonucleotides with chimeric 
backbones (see Figure 1 for structures (A and B) and sequences (C and D) of assay oligonucleotides) 
are used to correct a point mutation in the kanamycin gene of pK s m4021 (Figure 2) or the tetracycline 
gene of pT s A208 (Figure 3). All kan oligonucleotides share the same 25 base sequence surrounding the 
target base identified for change, just as all tet oligonucleotides do. The sequence is given in Figures 1C 
and Figure 1D. Each plasmid contains a functional ampicillin gene. Kanamycin gene function is restored 
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when a G at position 4021 is converted to a C (via a substitution mutation); tetracycline gene function is 
restored when a deletion at position 208 is replaced by a C (via frameshift mutation). A separate plasmid, 
P AURNeo(-)FlAsH (Figure 9), bearing the kan s gene is used in the cell culture experiments. This plasmid 
was constructed by inserting a synthetic expression cassette containing a neomycin phosphotransferase 
(kanamycin resistance) gene and an extended reading frame that encodes a receptor for the FIAsH 
ligand into the pAUR123 shuttle vector (Panvera Corp., Madison, Wl). The resulting construct replicates 
in S. cerevisiae at low copy number, confers resistance to aureobasidinA and constrtufively expresses 
either the Neo+VFIAsH fusion product (after alteration) or the truncated Neo-/RAsH product (before 
alteration) from the ADH1 promoter. By extending threading frame of this gene to code for a unique 
peptide sequence capable of binding a small ligand to form a fluorescent complex, restoration of 
expression by correction of the stop codon can be detected in real time using confocal microscopy. 
Additional constructs can be made to test additional gene alteration events. 

We also construct three mammalian expression vectors, pHyg(rep)eGFP, 
pHyg(A)eGFP, P Hyg(ins)eGFP, that contain a substitution mutation at nucleotide 1 37 of the hygromycin- 
B coding sequence, (rep) indicates a T137-»G replacement (A) represents a deletion of the G137 and 
, (ins) represents an A insertion between nucleotides 136 and 137. All point mutations create a nonsense 
termination codon at residue 46. We use pHygEGFP plasmid (Invftrogen, CA) DNA as a template to 
introduce the mutations into the hygromycin-eGFP fusion gene by a two step site-directed mutagenesis 
PCR protocol. First, we generate overlapping 5' and a 3' amplicons surrounding the mutation site by PCR 
for each of the point mutation sites. A 21 5 bp 5' amplicon for the (rep), (A) or (ins) was generated by 
polymerization from oligonucleotide primer HygEGFPf (5 , -AATACGACTCACTATAGG-3') to primer 
Hygrepr (5'GACCTATCCACGCCCTCC-3% HygAr (5'-GACTATCCACGCCCTCC-31, or Hyginsr (5«- 
GACATTATCCACGCCCTCC-30, respectively. We generate a 300bp 3' amplicon for the (rep), (A) or 
fins) by polymerization from oligonucleotide primers Hygrepf (5'-CTGGGATAGGTCCTGCGG-3'), HygAf 
(5--CGTGGATAGTCCTGCGG-30, Hyginsf (5'-CGTGGATAATGTCCTGCGG-3'), respectively to primer 
HygEGFPr (5--AAATCACGCCATGTAGTG-3 1 ). We mix 20 ng of each of the resultant 5' and 3' 
overlapping amplicon mutation sets and use the mixture as a template to amplify a 523 bp fragment of the 
Hygromycin gene spanning the Kpnl and Rsrll restriction endonuclease sites. We use the Expand PCR 
system (Roche) to generate all amplicons with 25 cycles of denaturing at 94-C for 10 seconds, annealing 
at 55-C for 20 seconds and elongation at 68«C for 1 minute. We digest 10 pg of vector pHygEGFP and 5 
pg of the resulting fragments for each mutation with Kpnl and Rsrll (NEB) and gel purify the fragment for 
enzymatic ligation. We ligate each mutated insert into pHygEGFP vector at 3:1 molar ration using T4 
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DNA ligase (Roche). We screen clones by restriction digest confirm the mutation by Sanger dideoxy 
chain termination sequencing and purify the plasmid using a Qiagen maxiprep kit 

Oligonucleotide synthesis and cells. Chimeric oligonucleotides and single-stranded 
oligonucleotides [including those with the indicated modifications) are synthesized using available 
phosphoramidites on controlled pore glass supports. After deprotection and detachment from the solid 
support each oligonucleotide is gel-purified using, for example, procedures such as those described in 
Gamper et a/., B/ochem. 39, 5808-5816 (2000) and the concentrations determined spectrophotometrically 
(33 or 40 pg/ml per unit of single-stranded or hairpin oligomer). HUH7 cells are grown in DMEM, 
1 0% FBS, 2mM glutamine, 0.5% pen/strep. The Eco// strain, DM 0B, is obtained from Life Technologies 
(Gaithersburg, MD); OH10B cells contain a mutation in the RECA gene (recA). 

Cell-free extracts. We prepare cell-free extracts from HUH7 cells or other mammalian 
cells, as follows. We employ this protocol with essentially any mammalian cell including, for example, 
H1299 cells (human epithelial carcinoma, non-small cell lung cancer), C127I (immortal murine mammary 
epithelial cells), MEF (mouse embryonic fibroblasts), HEC-1-A (human uterine carcinoma), HCT15 
(human colon cancer), HCT116 (human colon carcinoma), LoVo (human colon adenocarcinoma), and 
HeLa (human cervical carcinoma). We harvest approximately 2x10 s cells. We then wash the cells 
immediately in cold hypotonic buffer (20 mM HEPES, pH7.5; 5mMKCI;1.5mM MgC^ 1 mM DTT) with 
250 mM sucrose. We then fesuspend the cells in cold hypotonic buffer without sucrose and after 15 
minutes we lyse the cells with 25 strokes of a Dounce homogenizer using a tight fitting pestle. We 
incubate the lysed ceils for 60 minutes on ice and centrifuge the sample for 1 5 minutes at 1 2000xg. The 
cytoplasmic fraction is enriched with nuclear proteins due to the extended co-incubation of the fractions 
following cell breakage. We then immediately aliquote and freeze the supernatant at -80°C. We 
determine the protein concentration in the extract by the Bradford assay. 

We also perform these experiments with cell-free extracts obtained from fungal cells, 
including, for example, & cerevisiae (yeast), UsWago maydis, and Candida albicans. For example, we 
grow yeast cells into log phase in 2L YPD medium for 3 days at 30'C. We then centrifuge the cultures at 
5000xg, resuspend the pellets in a 10% sucrose, 50 mM Tris, 1mM EDTA lysis solution and freeze them 

* 

on dry ice. After thawing, we add KCI, spermidine and fyticase to final concentrations of 0.25 mM, 5 mM 
and 0.1 mg/ml, respectively. We incubate the suspension on ice for 60 minutes, add PMSF and Triton 
X100 to final cor^rntrations of 0.1 mM and 0.1 % and continue to incubate on ice for 20 minutes. We 
centrifuge the lysate at 3000xg for 10 minutes to remove larger debris. We then remove the supernatant 
and clarify it by centrifuging at 30000xg for 1 5 minutes. We then add glycerol to the clarified extract to a 
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concentration of 1 0% (v/v) and freeze aliquots at -80'C. We determine the protein concentration of the 
extract by the Bradford assay. 

Reaction mixtures of 50 pi are used, consisting of 10-30 pg protein of cell-free extract 
which can be optionally substituted with purified proteins or enriched fractions, about 1 .5 pg chimeric 
double-hairpin oligonucleotide or 0.55 pg single-stranded molecule (3S/25G or 6S/25G, see Figure 1), 
and 1 MgofplasrrtdDNA(seeRgures2am ISmMMgCI* 
0.4 mM DTT, and 1 .0 mM ATP. Reactions are initiated with extract and incubated at 30"C for 45 min. 
The reaction is stopped by placing the tubes on ice and then immediately deproteinized by two 
phenol/chloroform (1:1) extractions. Samples are then ethanol precipitated. The nucleic acid is pelleted 
at 1 5.000 r.p.m. at 4'C for 30 min.. is washed with 70% ethanol. resuspended in 50 pi Hfi, and is stored 
at -20°C 5 pi of plasmid from the resuspension (- 1 00 ng) was transfected in 20 pi of DH10B cells by 
electroporation (400 V. 300 pF. 4 kO) in a Cell-Porator apparatus (Life Technologies). After elect-o- 
peration, cells are transferred to a 14 ml Falcon snap^ap tube with 2 ml SOC and shaken at 37«C for 1 h. 
Enhancement of final kan colony counts is achieved by then adding 3 ml SOC with 1 0 pg/ml kanamycin 
and the cell suspension is shaken for a further 2 h at 37«C. Cells are then spun down at 3750 x g and the 
, pellet is resuspended in 500 pi SOC. 200 pi is added undiluted to each of Iwo kanamycin (50 pg/ml) 
agar plates and 200 pi of a 1 0 s dilution is added to an ampicillin (1 00 pg/ml) plate. After overnight 37'C 
incubation, bacterial colonies are counted using an Accucount 1000 (Biologies). Gene conversion 
effectiveness is measured as the ratio of the average of the kan colonies on both plates per amp colonies 
multiplied by 10* to correct for the amp dilution. 

The following procedure can also be used. 5 pi of resuspended reaction mixtures (total 
volume 50 pi) are used to transform 20 pi aliquots of electro-competent AH10B bacteria using a 
Cell-Porator apparatus (Life Technologies). The mixtures are allowed to recover in 1 ml SOC at 37'C for 
1 hourat which time 50 pg/ml kanamycin or 12 pg/ml tefracycline is added for an additional 3 hours. 
Prior to plating, the bacteria are pelleted and resuspended in 200 p1 of SOC. 100 pi aliquots are plated 
onto kan or tet agar plates and 1 00 pi of a 1 V dilution of the cultures are concurrently plated on agar 
plates containing 100 pg/ml of ampicillin. Plating is performed in triplicate using sterile Pyrex beads. 
Colony counts are determined by an Accu-count 1000 plate reader (Biologies). Each plate contains 200- 
500 ampicillin resistant colonies or 0-500 tetracycline or kanamycin resistant colonies. Resistant colonies 
are selected for plasmid extraction and DNA sequencing using an ABI Prism kit on an ABI 31 0 capillary 
sequencer (PE Biosystems). 
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Chimeric single-stranded oligonucleotides. In Figure 1 the upper strands of chimeric 
oligonucleotides I and II are separated into pathways resulting in the generation of single-stranded oligo- 
nucleotides that contain (Figure 1A) 2-O-methyl RNA nucleotides or (Figure 1B) phosphorotnioate 
linkages. Fold changes in repair activity for correction of kan s in the HUH7 cell-free extract are presented 
in parenthesis. Each single-stranded oligonucleotide is 25 bases in length and contains a G residue 
mismatched to the complementary sequence of the kan gene. 

Molecules bearing 3, 6, 8, 10 and 12 phosphorothioate linkages in the terminal regions at 
each end of a backbone with a total of 24 linkages (25 bases) are tested in the kan s system. Alternatively, 
molecules bearing 2, 4, 5, 7, g and 1 1 in the terminal regions at each end are tested. The results of one 
such experiment, presented in Table 1 and Figure 1B, illustrate an enhancement of correction activity 
directed by some of these modified structures. In this illustrative example, the most efficient molecules 
contained 3 or 6 phosphorothioate linkages at each end of the 25-men the activities are approximately 
equal (molecules IX and X with results of 3.09 and 3.7 respectively). A reduction in alteration activity may 
be observed as the number of modified linkages in the molecule is further increased. Interestingly, a 
single-slrand molecule containing 24 phosphorothioate linkages is minimally active suggesting that this 
backbone modification when used throughout the molecule supports only a low level of targeted gene 
repair or alteration. Such a non-altering, completely modified molecule can provide a baseline control for 
determining efficiency of correction for a specific oligonucleotide molecule of known sequence in defining 
the optimum oligonucleotide for a particular alteration event 

The efficiency of gene repair directed by phosphorathioate-modified, single-stranded 
molecules, in a length dependent fashion, led us to examine the length of the RNA modification used in 
the original chimera as it relates to correction. Construct III represents the "RNA-containing" strand of 
chimera I and, as shown in Table 1 and Figure 2A, it promotes inefficient gene repair. But as shown in 
the same figure, reducing the RNA residues on each end from 10 to 3 increases the frequency of repair. 
At equal levels of modification, however, 25-mers with 2 , -0-methyl ribonucleotides were less effective 
gene repair agents than the same oligomers with phosphorothioate linkages. These results reinforce the 
fact that an RNA containing oligonucleotide is not as effective in promoting gene repair or alteration as a 

modified DNA oligonucleotide; 

Repair of the kanamycin mutation requires a G-C exchange. To confirm that the specific 
desired correction alteration was obtained, colonies selected at random from multiple experiments are 
processed and the isolated plasmid DNA is sequenced. As seen in Figure 4, colonies generated through 
the action of the single-stranded molecules 3S/25G (IX), 6S/25G (X) and 8S/25G (XI) respectively 



c 

WO 01/73002 



(. (' 

WO 01/73002 

PCT/USOl/09761 

-21- 

contained plasmid molecules harboring the targeted base correction. While a few colonies appeared on 
plates derived from reaction mixtures containing 25-mers with 10 or 12 thioate linkages on both ends, (he 
sequences of the plasmid molecules from these colonies contain nonspecific base changes. In these 
illustrative examples, the second base of the codon is changed (see Figure 3). These results show that 
modified single-strands can direct gene repair, but that efficiency and specificity are reduced when the 
25-mers contain 1 0 or more phosphorothioate linkages at each end. 

In Figure 1, the numbers 3, 6, 8, 10, 12 and 12.5 respectively indicate how many 
phosphorothioate linkages (S) or 2'-0-methyl RNA nucleotides (R) are at each end of the examplified 
molecule although other molecules with 2, 4, 5, 7, 9 and 1 1 modifications at each end can also be tested. 
Hence oligo 12S/25G represents a 25-mer oligonucleotide which contains 12 phosphorothioate linkages 
on each side of the central G target mismatch base producing a fully phosphorothioate linked backbone, 
displayed as a dotted line. The dots are merely representative of a linkage in the figure and do not depict 
the actual number of linkages of the oligonucleotide. Smooth lines indicate DNA residues, wavy lines 
indicate Z-O-methyl RNA residues and the carat indicates the mismatched base site (G). 

Correction of a mutant kanamycin gene in cultured mammalian cells. The experiments 
R are performed using different mammalian cells, including, for example, 293 cells (transformed human 
primary kidney cells), HeLa cells (human cervical carcinoma), and H1299 (human epithelial carcinoma 
non-small cell lung cancer). HeLa cells are grown at37«C and 5% C0 2 in a humidified incubator to a ' 
density of 2 x 1 0 s cells/ml in an 8 chamber slide (Lab-Tek). After replacing the regular DMEM with 
Opiimem, the cells are co-transfected with 10 pg of plasmid P AURNeo(-)FIAsH and 5 pg of modified 
single-stranded oligonucleotide (3S/25G) that is previously complexed with 10 pg lipofectamine, 
according to the manufacturer's directions (Life Technologies). The cells are treated with the liposome- 
DNA-oligo mix for 6 hrs at 37'C. Treated cells are washed with PBS and fresh DMEM is added. After a 
16-18 hr recovery period, the culture is assayed for gene repair. The same oligonucleotide used in the 
cell-free extract experiments is used to target transfected plasmid bearing the kan s gene. Correction of 
the point mutation in this gene eliminates a stop codon and restores full expression. This expression can 
be detected by adding a small non-fluorescent ligand that bound to a C-C-R-E-C-C sequence in the 
genetically modified cartoxy terminus of the lean protein, to produce a highly fluorescent complex (FlAsH 
system, Aurora Biosciences Corporation). Following a 60 min incubation at room temperature with the 
ligand (FIAsH-EDT2), cells expressing toll length kan product acquire an intense green fluorescence 
detectable by fluorescence microscopy using a fluorescein After set Similar experiments are performed 
using the HygeGFP target as described in Example 2 with a variety of mammalian cells, including, for 
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example, COS-1 and COS-7 cells (African green monkey), and CH0-K1 cells (Chinese hamster ovary). 
The experiments are also performed with PG12 cells (rat pheochromocytoma) and ES cells (human 

embryonic stem cells). 

Summary of experimental results. Tables 1 , 2 and 3 respectively provide data on the 
efficiency of gene repair directed by single-stranded oligonucleotides. Table 1 presents data using a cell- 
free extract from human liver cells (HUH7) to catalyze repair of the point mutation in plasmid pkan s m4021 
(see Figure 1 ). Table 2 illustrates that the oligomers are not dependent on MSH2 or MSH3 for optimal 
gene repair activity. Table 3 illustrates data from the repair of a frameshift mutation (Figure 3) in the tat 
gene contained in plasmid pTetA208. Table 4 illustrates data from repair of the pkan 8 m4021 point 
mutation catalyzed by plant cell extracts prepared from canola and musa (banana). Colony numbers are 
presented as karf or tef and fold increases (single strand versus double hairpin) are presented for kan r in 
Table 1. 

Figure 5A is a confocal picture of HeLa cells expressing the corrected fusion protein from 
an episomal target Gene repair is accomplished by the action of a modified single-stranded oligonucleo- 
tide containing 3 phosphorothioate linkages at each end (3S/25G). Figure 5B represents a 'Z-series* of 
HeLa cells bearing the corrected fusion gene. This series sections the cells from bottom to top and 
illustrates that the fluorescent signal is "inside the cells". 

Results. In summary, we have designed a novel class of single-stranded 
oligonucleotides with backbone modifications at the termini and demonstrate gene repair/conversion 
activity in mammalian and plant cell-free extracts. We confirm that the all DNA strand of the RNA-DNA 
double-stranded double hairpin chimera is the active component in the process of gene repair, in some 
cases, the relative frequency of repair by the novel oligonucleotides of the invention is elevated 
approximately 3-4-fold when compared to frequencies directed by chimeric RNA-DNA double hairpin 
oligonucleotides. 

This strategy centers around the use of extracts from various sources to correct a 
mutation in a plasmid using a modified single-stranded or a chimeric RNA-DNA double hairpin 
oligonucleotide. A mutation is placed inside the coding region of a gene conferring antibiotic resistance in 
bacteria, here kanamycin or tetracycline. The appearance of resistance is measured by genetic readout 
in £ coli grown in the presence of the specified antibiotic. The importance of this system is that both 
phenotypic alteration and genetic inheritance can be measured. Plasmid pK 8 m4021 contains a mutation 

■ • 

(T^G) at residue 4021 rendering it unable to confer antibiotic resistance in Ecoli. This point mutation is 
targeted for repair by oligonucleotides designed to restore kanamycin resistance. To avoid concerns of 
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plasmid contamination skewing the colony counts, the directed correction is from G-C rather than G-T 
(wild-type). After isolation, the plasmid is electroporated into the DH10B strain of Ecoft which contains 
inactiveKecA protein. The number of kanamycin colonies is counted and normalized by ascertaining the 
number of ampicillin colonies, a process that controls for the influence of electroporation. The number of 
colonies generated from three to five independent reactions was averaged and is presented for each 
experiment A fold increase number is recorded to aid in comparison. 

The original RNA-DNA double hairpin chimera design, e.g., as disclosed in U.S. 
Patent 5,565,350, consists of two hybridized regions of a single-stranded oligonucleotide folded into a 
double hairpin configuration. The double-stranded targeting region is made up of a 5 base pair DNA/DNA 
segment bracketed by 1 0 base pair RNA/DNA segments. The central base pair is mismatched to the 
corresponding base pair in toe target gene. When a molecule of this design is used Id correct the kan s 
mutation, gene repair is observed (I in Figure 1A). Chimera II (Figure 1B) differs party from chimera I in 
that only the DNA strand of the double hairpin is mismatched to the target sequence. When this chimera 
was used to correct the kan s mutation, it was twice as active. In the same study, repair function could be 
further increased by making the targeting region of the chimera a continuous RNA/DNA hybrid. 

Frame shift mutations are repaired. By using plasmid PTA208, described in Figure 1 (C) 
and Figure 3, the capacity of the modified single-stranded molecules that showed activity in correcting a 
point mutation, can be tested for repair of a frameshift To determine efficiency of correction of the 
mutation, a chimeric oligonucleotide (Tet I), which is designed to insert a T residue at position 208, is 
used. A modified single-stranded oligonucleotide (Tet IX) directs the insertion of a T residue at this same 
site. Figure 3 illustrates the plasmid and target bases designated for change in the experiments. When 
all reaction components are present (extract plasmid, oligomer), tetracycline resistant colonies appear. 
The colony count increases with the amount of oligonucleotide used up to a point beyond which the count 
falls off (Table 3). No colonies above background are observed in the absence of either extract or 
oligonucleotide, nor when a modified single-stranded molecule bearing perfect complementarity is used. 
Figure 3 represents the sequence surrounding the target site and shows that a T residue is inserted at the 
correct site. We have isolated plasrrfds from fifteen colonies obtained in three independent experiments 
and each analyzed sequence revealed the same precise nucleotide insertion. These data suggest that 
the single-stranded molecules used initially for point mutation correction can also repair nucleotide 
deletions. 

* 

Comparison ofphosphorothioate oligonucleotides to 2'-0-methyl substituted 
oligonucleotides. From a comparison of molecules VII and XI, it is apparent that gene repair is more 
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subject to inhibition by RNA residues than by phosphorothioate linkages. Thus, even though both of 
these oligonucleotides contain an equal number of modifications to impart nuclease resistance, XI (with 
16 phosphorothioate linkages) has good gene repair activity while VII (with 16 2-O-methyl RNA residues) 
is inactive. Hence, the original chimeric double hairpin oligonucleotide enabled correction directed, in 
large part by the strand containing a large region of contiguous DNA residues. 

Oligonucleotides can target multiple nucleotide alterations within the same template. The 
ability of individual single-stranded oligonucleotides to correct multiple mutations in a single target 
template is tested using the plasmid pK*m4021 and the following single-stranded oligonucleotides 
modified with 3 phosphorothioate linkages at each end (indicated as underlined nucleotides): Oligol is a 
25-mer with the sequence TTCGATAAGCCTATGCTGACCCGTG corrects the original mutation present 
in the kanamycin resistance gene of pK s m4021 as well as directing another alteration 2 basepairs away in 
the target sequence (both indicated in boldface); Otigo2 is a 70-mer with the 5 v -end sequence 
TTCGGCTACGACTGGGCACAACAGACAATTGGC with the remaining nucleotides being completely 
complementary to the kanamycin resistance gene and also ending in 3 phosphorothioate linkages at the 
3' end. Oligo2 directs correction of the mutation in pK s m4021 as well as directing another alteration 21 
basepairs away in the target sequence (both indicated in boldface). 

We also use additional oligonucleotides to assay the ability of individual oligonucleotides 
to correct multiple mutations in the pK s M4021 plasmid. These include, for example, a second 25-mer that 
alters two nucleotides that are three nucleotides apart with the sequence 5- 
nGTGCCCAGTCGTATCCGAATAGC-3'; a 70-mer that alters two nucleotides that are 21 nucleotides 
apart with the sequence 5-CATCAGAGCAGCCAATTGTCTGTTGTGCCCAGTCGTAGCCGAA 
TAGCCTCTCCACCCAAGCGGCCGGAGA-S 1 ; and another 70-mer that alters two nucleotides that are 21 
nucleotides apart with the sequence 

GCTGACAGCCGGMCACGGCGGCATCAGAGCAGCC^TTGTCTGTTGTGCCCAGTCGTAGCCGAAT 
AGCCT-3'. The nucleotides in the oligonucleotides that direct alteration of the target sequence are 
underlined and in boldface. These oligonucleotides are modified in the same way as the other 
oligonucleotides of the invention. 

We assay correction of the original mutation in pK s m4021 by monitoring kanamycin 
resistance (the second alterations which are directed by Oligo2 and Oligo3 are silent with respect to the 

■ 

kanamycin resistance phenotype). In addition, in experiments with Oligo2, we also monitor cleavage of 
the resulting plasmids using the restriction enzyme Tsp509l which cuts at a specific site present only 
when the second alteration has occurred (at ATT in Oligo2). We then sequence these clones to 
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determine whether the additional, silent alteration has also been .introduced. The results of an analysis 
are presented below. 





Oligol (25-mer) 


01igo2 (70-mer) 


Clones with both sites changed 


• 

9 


7 


Clones with a single site changed 


0 


2 


Clones that were not changed 


4 


1 



Nuclease sensitivity of unmodified DNA oligonucleotide. Bectrophoretic analysis of 
nucleic acid recovered from the cell-free extract reactions conducted here confirm that the unmodified 
single-stranded 25-mer did not survive incubation whereas greater than 90% of the terminally modified 
oligos did survive (as judged by photo-image analyses of agarose gels). 

Plant extracts direct repair. The modified single-stranded constructs can be tested in 
plant cell extracts. We have observed gene alteration using extracts from multiple plant sources, 
including, for example, Arabidopsis, tobacco, banana, maize, soybean, canola, wheat spinach as well as 
spinach chloroplast extract We prepare the extracts by grinding plant tissue or cultured cells under liquid 
nitrogen with a mortar and pestle. We extract 3 ml of the ground plant tissue with 1 .5 ml of extraction 
buffer (20 mM HEPES, pH7.5; 5 mM Kcl; 1.5 mM MgCI* 10 mM DTT; 10% [v/v] glycerol; and 1 % [w/v] 
PVP). We then homogenize the samples with 15 strokes of a Dounce homogenizer. Following 
homogenization, we incubate the samples on ice for 1 hour and centrifuge at 3000xg for 5 minutes to 
remove plant cell debris. We then determine the protein concentration in the supematants (extracts) by 
Bradford assay. We dispense 100 pg (protein) aliquots of the extracts which we freeze in a dry ice- 
ethanol bath and store at -80°C. 

We describe experiments using two sources here: a dicot (canola) and a monocot 
(banana, Musa acuminata cv. Rasthali). Each vector directs gene repair of the kanamycin mutation 
(Table 4); however, the level of correction is elevated 2-3 fold relative to the frequency observed with the 
chimeric oligonucleotide. These results are similar to those observed in the mammalian system wherein 
a significant improvement in gene repair occurred when modified single-stranded molecules were used. 

Tables are attached hereto. 
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Tablel 



Gene repair activity is directed by single-stranded oligonucleotides. 



Oligonucleotide Plasmid Extract fug) kan r colonies 



I 
I 

n 
n 
m 
m 

IV 
IV 

v 
v 

VI 
VI 

vn 
vn 
vm 
vm 

K 
DC 
X 
X 
XI 
XI 

xn 
xn 
xm 
xm 

i 



pK s m4021 



Fold increase 



10 


300 




20 


418 


l.Ox 


10 


537 




20 


748 


1.78x 


10 


3 




20 


5 


O.Olx 


10 


112 


• 


20 


96 


Q.22x 


10 


217 




20 

4f V 


342 


0.8 Ix 


10 


6 




20 


39 


0.093x 


10 


0 




20 


o 


Ox 


10 






20 


5 


O.Olx 


10 


936 




20 


1295 


3.09x 


10 


1140 




20 


1588 


3.7x 


10 


480 




20 


681 


1.6x 


10 


18 




20 


25 


0.059x 


10 


0 




20 


4 


0.009x 


20 


0 


i 




0 





Plasmid pK 8 m4021 (lug), the indicated oligonucleotide (1.5 ng chimeric oligonucleotide 
or 0.55 \xg single-stranded oligonucleotide; molar ratio of oligo to plasmid of 360 to 1) 
and either 10 or 20 fig of HUH7 cell-free extract were incubated 45 min at 37°C. Isolated 



plasmid DNA was electroporated into E. coli (strain DH10B) and the number of 



i r 



colonies counted. The data represent the number of kanamycin resistant colonies per 10* 



ampicillin resistant colonies generated from the same reaction and is the average of three 
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experiments (standard deviation usually less than +/- 15%). Fold increase is defined 
relative to 41 8 kan r colonies (second reaction) and in all reactions was calculated using 
the 20^g sample. 
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Table E 



Modified single-stranded oligomers are not dependent on MSH2 orMSH3 for optimal 

gene repair activity. 



A. Oligonucleotide Plasmid 



Extract 



lran r colonies 



EX (3S/25G) 

X (6S/25G) 

EX 

X 

EX 

X 

EX 

X 



HUH7 
HUH7 
MEF2 
MEF2^ 
MEF3"' 
MEF3 4 
MEF** 
MEF^ 
MEF2" 
MEF3 
ME 



v. 



637 

836 

781 

676 

582 

530 

332 

497 

10 

5 

14 



Chimeric oligonucleotide (1.5 ug) or modified single-stranded oligonucleotide (0.55 ug) 
was incubated with lug of plasmid pK'm4021 and 20ug of the indicated extracts. MEF 
represents mouse embryonic fibroblasts with either MSH2 (2 V ") or MSH3 (3^) deleted. 

indicates wild-type mouse embryonic fibroblasts. The other reaction components 
were then added and processed through the bacterial readout system. The data represent the 
number of kanamycin resistant colonies per 10 6 ampicillin resistant colonies. 
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Table m 

Frameshifi mutation repair is directed by single-stranded oligonucleotides 

Oligonucleotide Plasmid Extract tef colonies 

Tet DC (3S/25A; 0.5 fig) prA208 (1 ng) -0 

20[ig 0 

Tet DC (0.5 fig) 4g 

Tet DC (1.5 fig) 130 

Tet DC (2.0 fig) 68 

Tet I (chimera; 1.5 jig) ▼ Y 48 

Each reaction mixture contained the indicated amounts of plasmid and oligonucleotide. 

The extract used for these experiments came from HUH7 cells. Hie data represent the 

number of tetracycline resistant colonies per 10 6 ampicillin resistant colonies generated 

from the same reaction and is the average of 3 independent experiments. Tet I is a 

chimeric oligonucleotide and Tet DC is a modified single-stranded oligonucleotide that 

are designed to insert a T residue at position 208 of pT*A208. These oligonucleotides are 

equivalent to structures I and DC in Figure 2. 
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Table IV 



Plant cell-free extracts support gene repair by single-stranded oligonucleotides 



Oligonucleotide Plasmid 



II (chimera) 
DC (3S/25G) 
X (6S/25G) 

n 

DC 
X 



DC 
X 



Extract 


kan r colonies 


30ng Canola 


337 


Canola 


763 


Canola 


882 


Musa 


203 


Musa 


343 


Musa 


746 


Canola 


0 


Musa 


0 


- Canola 


0 


- Musa 


0 



Canola or Musa cell-free extracts were tested for gene repair activity on the kanamycin- 
sensitive gene as previously described in (18). Chimeric oligonucleotide II (1.5 ]ig) and 
modified single-stranded oligonucleotides DC and X (0.55 ^g) were used to correct 



pK s m4021. Total number of kan r colonies are present per 10 7 ampicillin resistant 
colonies and represent an average of four independent experiments. 
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EXAMPLE 2 
Yeast Cell Targeting Assay Method for Base 
Alteration and Preferred Oligonucleotide Selection 

in this example, single-stranded oligonucleotides with modified backbones and double- 
hairpin oligonucleotides with chimeric, RNA-DNA backbones are used to measure gene repair using two 
episomal targets with a fusion between a hygromycin resistance gene and eGFP as a target for gene 
repair. These plasmids are pAURHYG(rep)GFP, which contains a point mutation in the hygromycin 
resistance gene (Figure 7) pAURHYG(ins)GFP, which contains a single-base insertion in the hygromycin 
resistance gene (Figure 7) and pAURHYG(A)GFP which has a single base deletion. We also use the 
plasmid containing a wild-type copy of the hygromycin-eGFP fusion gene, designated 
pAURHYG(wt)GFP, as a control. These plasmids also contain an aureobasidinA resistance gene. In 
pAURHYG(rep)GFP, hygromycin resistance gene function and green fluorescence from the eGFP protein 
are restored when a G at position 1 37, at codon 46 of the hygromycin B coding sequence, is converted to 
a C thus removing a premature itop codon in the hygromycin resistance gene coding region. In 
pAURHYG(ins)GFP, hygromycin resistance gene function and green fluorescence from the eGFP protein 
are restored when an A inserted between nucleotide positions 136 and 137, at codon 46 of the 
hygromycin B coding sequence, is deleted and a C is substituted for the T at position 1 37, thus correcting 
a frameshift mutation and restoring the reading frame of the hygromycin-eGFP fusion gene. 

We synthesize the set of three yeast expression constructs pAURHYG(rep)eGFP, 
pAURHYG(A)eGFP, pAURHYG(ins)eGFP, that contain a point mutation at nucleotide 1 37 of the 
hygromycin-B coding sequence as follows, (rep) indicates a T137-+G replacement, (A) represents a 
deletion of the G137 and (ins) represents an A insertion between nucleotides 136 and 137. We construct 
this set of plasmids by excising the respective expression cassettes by restriction digest from 
pHyg(x)EGFP and ligation into pAUR123 (Pan vera, CA). We digest 10 pg pAUR123 vector DNA, as well 
as, 10 pg of each pHyg(x)EGFP construct with Kpnl and Sail (NEB). We gel purify each of the DNA 
fragments and prepare them for enzymatic ligation. We ligate each mutated insert into pHygEGFP vector 
at 3:1 molar ration using T4 DNA ligase (Roche). We screen clones by restriction digest, confirm by 
Sanger dideoxy chain termination sequencing and purify using a Qiagen maxiprep kit 

We use this system to assay the ability of five oligonucleotides (shown in Rgure 6) to 
support correction under a variety of conditions. The oligonucleotides which direct correction of the 
mutation in pAURHYG(rep)GFP can also direct correction of the mutation in pAURHYG(ins)GFP. Three 
of the four oligonucleotides (HygE3T/25, HygE3T/74 and HygGG/Rev) share the same 25-base sequence 
surrounding the base targeted for alteration. HygGG/Rev is an RNA-DNA chimeric double hairpin 
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oligonucleotide of the type described in the prior art One of these oligonucleotides, HygE3T/74 is a 74- 
• base oligonucleotide with the 25-base sequence centrally positioned. The fourth oligonucleotide, 
designated HygE3T/74a, is the reverse complement of HygE3T/74. The fifth oligonucleotide, designated 
Kan70T, is a non-specific, control oligonucleotide which is not complementary to the target sequence 
Alternatively, an oligonucleotide of identical sequence but lacking a mismatch to the target or a completely 
thioate modified oligonucleotide or a completely 2-0-methylated modified oligonucleotide may be used as 
a control. 

Oligonucleotide synthesis and cells. We synthesized and purified the chimeric, double- 
hairpin oligonucleotides and single-stranded oligonucleotides (including those with the indicated 
modifications) as described in Example 1. Plasmids used for assay were maintained stably in yeast 
(Saccharomyces cerevisiae) strain LSY678 MATcr* low copy number under aureobasidin selection. 
Plasmids and oligonucleotides are introduced into yeast cells by electroporation as follows: to prepare 
electrocompetent yeast cells, we inoculate 1 0 ml of YPD media fiom a single colony and grow the 
cultures overnight with shaking at 300 rpm at 30'C. We then add 30 ml of fresh YPD media to the 
overnight cultures and continue shaking at 30'C until the OD^ was between 0.5 and 1.0 (3-5 hours) We 
then wash the cells by centrifuging at 4«C at 3000 rpm for 5 minutes and twice resuspending the cells in 
25 ml ice-cold distilled water. We then centrifuge at 4«C at 3000 rpm for 5 minutes and resuspend in 1 ml 
<ce-cold 1M sorbitol and then finally centrifuge the cells at 4'C at 5000 rpm for 5 minutes and resuspend 
the cells in 120 pi 1M sorbitol. To transform electrocompetent cells with plasmids or oligonucleotides we 
ma 40 Ml of cells with 5 P g of nucleic acid, unless otherwise stated, and incubate on ice for 5 minutes. 
We then transfer the mixture to a 0.2 cm eledroporation cuvette and electroporate with a BIO-RAD Gene 
Pulser apparatus at 1 .5 kV, 25 P F, 200 Q for one five-second pulse. We then immediately resuspend the 
cells in 1 ml YPD supplemented with 1 M sorbitol and incubate the cultures at 30X with shaking at 300 
rpm for 6 hours. We then spread 200 M l of this culture on selective plates containing 300 P gmU 
hygromycin and spread 200 Ml of a 10 s dilution of this culture on selective plates containing 500 ng/ml 
aureobasidinA and/or and incubate at 30«C for 3 days to allow individual yeast colontes to grow. We then 
count the colonies on the plates and calculate the gene conversion efficiency by determining the number 
of hygromycin resistance colonies per 1 0 5 aureobasidinA resistant colonies. 

Frameshift mutations are repaired in yeast cells. We test the ability of the 
oligonucleotides shown in Figure 8 to correct a frameshift mutation in vivo using LSY678 yeast cells 
containing the plasmid pAURHYG(ins)GFP. These experiments, presented in Table 6, indicate that these 
ohgonucleotides can support gene correction in yeast cells. These data reinforce the results described in 
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Example 1 indicating that oligonucleotides comprising phosphorothioate linkages facilitate gene correction 
much more efficiently than control duplex, chimeric RNA-DNA oligonucleotides. This gene correction 
activity is also specific as transformation of cells with the control oligonucleotide Kan70T produced no 
hygromycin resistant colonies above background and thus Kan70T did not support gene correction in this 
system. In addition, we observe that the 74-base oligonucleotide (HygE3T/74) corrects the mutation in 
pAURHYG(ins)GFP approximately five-fold more efficiently than the 25-base oligonucleotide 
(HygE3T/25). We also perform control experiments with LSY678 yeast cells containing the plasmid 
pAURHYG(wt)GFP. With this strain we observed that even without added oligonucleotides, there are too 
many hygromycin resistant colonies to count 

We also use additional oligonucleotides to assay the ability of individual oligonucleotides 
to correct multiple mutations in the pAURHYG(x)eGFP plasmid: These include, for example, one that 

alters two basepairs that are 3 nucleotides apart is a 74-mer with the sequence 5- 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGGTACGTCCTGCGGGTAAATAGCTGCGCCGATG 

GTTTCTAC-3'; a 74-mer that alters two basepairs that are 15 nucleotides apart with the sequence 5- 
CTCGTGCmCAGCTTCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAACAGCTGCGCCGATG 

GTTTCTAC-3'; and a 74-mer that alters two basepairs that are 27 nucleotides apart with the sequence 5 - 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAATAGCTGCGCCGACG 

GTTTCTAC. The nucleotides in these oligonucleotides that direct alteration of the target sequence are 
underlined and in boldface. These oligonucleotides are modified in the same ways as the other 
oligonucleotides of the invention. 

Oligonucleotides targeting the sense strand direct gene correction more efficiently. We 
compare the ability of single-stranded oligonucleotides to target each of the two strands of the target 
sequence of both pAURHYG(ins)GFP and pAURHYG(rep)GFP. These experiments, presented in Tables 
7 and 8, indicate that an oligonucleotide, HygE3T/74a, with sequence complementary to the sense 
strand fi.e. the strand of the target sequence that is identical to the mRNA) of the target sequence 
facilitates gene correction approximately ten-fold more efficiently than an oligonucleotide, HygE3T/74, 
with sequence complementary to the non-transcribed strand which serves as the template for the 
synthesis of RNA As indicated in Table 7, this effect was observed over a range of oligonucleotide 
concentrations from 0-3.6 pg, although we did observe some variability in the difference between the two 
oligonucleotides (indicated in Table 7 as a fold difference between HygE3T/74q and HygE3T/74). 
Furthermore, as shown in Table 8, we observe increased efficiency of correction by HygE3T/74a relative 
to HygE3T/74 regardless of whether the oligonucleotides were used to correct the base substitution 
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mutation in pAURHYG(rep)GFP or the insertion mutation in pAURHYG(ins)GFP. The data presented in 
Table 8 further indicate that the single-stranded oligonucleotides correct a base substitution mutation 
more efficiently than an insertion mutation. However, this last effect was much less pronounced and the 
oligonucleotides of the invention are clearly able efficiently to correct both types of mutations in yeast 
cells. In addition, the role of transcription is investigated using plasmids with inducible promoters such as 
that described in Rgure 1 0. 

Optimization of oligonucleotide concentration. To determine the optimal concentration of 
oligonucleotide for the purpose of gene alteration, we test the ability of increasing concentrations of 
Hyg3T/74a to correct the mutation in pAURHYG(rep)GFP contained in yeast LSY678. We chose this 
assay system because our previous experiments indicated that it supports the highest level of correction. 
However, this same approach could be used to determine the optimal concentration of any given 
oligonucleotide. We test the ability of Hyg3T/74a to correct the mutation in pAURHYG(rep)GFP 
contained in yeast LSY678 over a range of oligonucleotide concentrations from 0-10.0 ug. As shown in 
Table 9, we observe that the correction efficiency initially increases with increasing oligonucleotide 
concentration, but then declines at the highest concentration tested. 

Tables are attached hereto. 
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Table 6 

Correction of an insertion mutation in pAURHYG(ins)GFP by HygG&Rev, HygE3T/25 and HygE3T/74 



Oligonucleotide Tested 


Colonies on 
Hygromycin 


Colonies on 
Aureobasidin (/10 s ) 


Correction 
Efficiency 


HygGG/Rev 


3 


157 


0.02 


HygE3T/25 


64 


147 


0.44 


HygE3T/74 


280 


174 


1.61 


Kan70T 


0 







Table 7 



An oligonucleotide targeting the sense strand of the target sequence corrects more efficiently. 



Amount of Oligonucleotide (pg) 



Colonies per hygromycin plate 



HygE3T/74 
0 



HygE3T/74a 
0 



0.6 



24 



128 (8.4x)* 




3.6 



29 



140 (7.5x)» 
167 (3.8x)» 
367 (15x)* 



* The numbers in parentheses represent the fold increase in efficiency for targeting the non-transcribed 
strand as compared to the. other strand of a DNA duplex that encodes a protein. 
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Table 8 



Correction of a base substitution mutation is more efficient than correction of a frame shift mutation. 




Oligonucleotide Tested (5 pg) 




HygE3T/74 
HygE37774a 
Kan70T 



Plasmid tested (contained in LSY678) 



pAURHYG(ins)GFP 
72 
1464 
0 




pAURHYG(rep)GFP 
277 

2248 
0 



Table 9 



Optimization of oligonucleotide concentration in electroporated yeast cells. 




Example 3 
Cultured Cell Manipulation 



Mononuclear cells are isolated from human umbilical cord blood of normal donors using 
FicoU Hypaque (Pharmacia Biotech, Uppsala, Sweden) density centrifugabon. CD34+cells are 
immunomagnetically purified from mononuclear cells using either the progenitor or Multisort Kits (Miltenyi 
Biotec, Auburn, CA). Un'CD38- cells are purified from the mononuclear cells using negative selection 
with StemSep system according to the manufacturer's protocol (Stem Cell Technologies, Vancouver, CA) 
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Cells used for microinjection are either freshly isolated or cryopreserved and cultured in Stem Medium (S 
Medium) for 2 to 5 days prior to microinjection. S Medium contains Iscoves* Modified Dulbecco's Medium 
without phenol red (IMDM) with 100 pg/ml glutamine/penicillin/streptomycin, 50 mgrtnl bovine serum 
albumin, 50 pg/ml bovine pancreatic insulin, 1 mg/ml human transferrin, and IMDM; Stem Cell 
Technologies), 40 pg/ml low-density lipoprotein (LDL; Sigma, St Louis, MO), 50 mM HEPEs buffer and 
50 pM 2-mercaptoethanol, 20 ng/ml each of thrombopoietin, flt-3 ligand, stem cell factor and human IL-6 
(Pepro Tech Inc., Rocky Hill, N J). After microinjection, cells are detached and transferred in bulk into 

wells of 48 well plates for culturing. 

35 mm dishes are coated overnight at 4' C with 50 pg/ml Fibronectin (FN) fragment CH- 
296 (Retronectin; TaKaRa Biomedicals, Panvera, Madison, Wl) in phosphate buffered saline and washed 
with IMDM containing glutamine/penicillin/streptomycin. 300 to 2000 cells are added to cloning rings and 
attached to the plates for 45 minutes at 37° C prior to microinjection. After incubation, cloning rings are 
removed and 2 ml of S Medium are added to each dish for microinjection. Pulled injection needles with a 
range of 0.22 p to 0.3 p outer tip diameter are used. Cells are visualized with a microscope equipped 
with a temperature controlled stage set at 37* C and injected using an electronically interfaced Eppendorf 
Micromanipulator and Transjector. Successfully injected cells are intact alive and remain attached to the 
plate post injection. Molecules that are fiourescently labeled allow determination of the amount of 
oligonucleotide delivered to toe cells. 

For in vitro erythropoiesis from lin"CD38~ cells, the procedure of Malik, 1998 can be 
used. Cells are cultured in ME Medium for 4 days and then cultured in E Medium for 3 weeks. 
Erythropoiesis is evident by glycophorin A expression as well as the presence of red color representing 
the presence of hemoglobin in the cultured cells. The injected cells are able to retain their proliferative 
capacity and the ability to generate myeloid and erythoid progeny. CD34+ cells can convert a normal A 
(P A ) to sickle T (0 s ) mutation in the (3-globin gene or can be altered using any of the oligonucleotides of 
the invention herein for correction or alteration of a normal gene to a mutant gene. Alternatively, stem 
cells can be isolated from blood of humans having genetic disease mutations and the oligonucleotides of 
the invention can be used to correct a defect or to modify genomes within those cells. 

Alternatively, non-stem cell populations of cultured cells can be manipulated using any 
method known to those of skill in the art including, for example, the use of polycations, cationic lipids, 
liposomes, polyethyte'vnne (PEI), electroporation, biolistics, calcium phophate precipitation, or any other 
' method known in the art 
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Notes on the tahloc presented hslnw 

Each of the following tables presents, forthe specified human gene, a plurality of 
mutatons that are known to confer a clinically-relevant phenotype and, for each mutation the 
ohgonucleof des that can be used to correct the respective mutation site-specifically in the human 
genome according to the present invention. 

The left-most column identifies each mutation and the clinical phenotype that the 
mutation confers. 

For most entries, the mutation is identified at both the nucleic acid and protein level At 
the amino acid level, mutations are presented according to the following standard nomenclature The 
centered number identifies the position of the mutated codon in the protein sequence; to the left of the 
number is the wild type residue and to the rightof the number is the mutant codon. Codon numbering is 
according to the Human Gene Mutation Database, Cardiff, Wales, UK 

mMarcHvBmcniacMkJsearchlmmenes). TefminatorcodonsareshownasTERM- Atthe 
nucleic acid level, the entire triplet of the wild type and mutated codons is shown. 

The middle column presents, for each mutation, four oligonucleotides capable of 
,. repairing the mutation site-specifically in the human genome or in cloned human DMA including human 
, DNA ,n artificial chromosomes, episomes, plasmids, or other types of vectors. The oligonucleotides of the 
.nvention, however, may include any of the oligonucleotides sharing portions of the sequence of the 
121 base sequence. Thus, oligonucleotides of the invention for each of the depicted targets may be 18 
19, 20 up to about 121 nucleotides in length. Sequence may be added non-symmetrically. 

AH oligonucleotides are presented, per convention, in the 5' to 3" orientation. The 
nucleotide that effects the change in the genome is underlined and presented in bold. 

The first of the four oligonucleotides for each mutation is a 121 nt oligonucleotide 
centered aboutthe repair nucleotide. The second oligonucleotide, its reverse complement targets the 
opposrte strand of the DNA duplex for repair. The third oligonucleotide is the minimal 17 nt domain of the 
first ohgonucleotide, also centered about the repair nucleotide. The fourth oligonucleotide is the reverse 
complementof the third, and thus represents the minimal 17 nt domain of the second. 

The third column of each table presents the SEQ ID NO: of the respective repair 

oligonucleotide. 
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Adenosine Deaminase (ADA) 

Adenosine deaminase (ADA EC 3.5.4.4) catalyses the deamination of adenosine and 
2'-deoxyadenosine to inosine or Z-deoxyinosine respectively. ADA deficiency has been identified as the 
metabolic basis for 20-30% of cases with recessively inherited severe combined immunodeficiency 
(SCID). Affected infants are subject to recurrent chronic viral, fungal, protozoal, and bacterial infections 
and frequently present with persistent diarrhea, failure to thrive and candidiasis. In patients homozygous 
for ADA deficiency, Z-deoxyadenosine accumulating during the rapid turnover of cells rich in DNA is 
converted back to dATP, either by adenosine kinase or deoxycytidine kinase. Many hypotheses have 
been advanced to explain the specific toxicity to the immune system in ADA deficiency. The apparently 
selective accumulation of dATP in thymocytes and peripheral blood B cells, with resultant inhibition of 
ribonucleotide reductase and DNA synthesis is probably the principal mechanism. 

The structural gene for ADA is encoded as a single 32 kb locus containing 12 exons. 
Studies of the molecular defect in ADA-deficient patients have shown that mRNA is usually detectable in 
normal or supranormal amounts. Specific base substitution mutations have been detected in the majority 
of cases with the complete deficiency. A C-to-T base substitution mutation in exon 1 1 accounts for a high 
proportion of these, whilst a few patients are homozygous for large deletions encompassing exon I. A 
common point mutation resulting in a heat-labile ADA has been characterised in some patients with partial 
ADA deficiency, a disorder with an apparently increased prevalence in the Caribbean. 

As yet no totally effective therapy for ADA deficiency has been reported, except in those 
few cases where bone marrow from an HLA7MLR compatible sibling donor was available. 

Two therapeutic approaches have provided long-term benefit in specific instances. First, 
reconstitution using T cell depleted mismatched sibling marrow has been encouraging, particularly in 
early presenters completely deficient in ADA Secondly, therapy with polyethylene glycol-modified 
adenosine deaminase (PEG-ADA) for more than 5 years has produced a sustained increase in 
lymphocyte numbers and mitogen responses together with evidence of in vivo B cell function. Success 
has generally been achieved in late presenters with residual ADA activity in mononuclear cells. 

ADA deficiency has been chosen as the candidate disease for gene replacement therapy 
and the first human experiment commenced in 1 990. The clinical consequences of overexpression of 
ADA activity - one of the potential hazards of gene implant - are known ar u take the form of an hereditary 
haemolytic anaemia associated with a tissue-specific increase in ADA activity. The genetic basis for the 
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latter autosomal dominant disorder seemingly relates to markedly increased levels of structurally normal 
ADA mRNA 




Adenosine deaminase 
deficiency 
GLN3TERM 
CAGtoTAG 



AGAGACCCACCGAGCGGCGGCGGAGGGAGCAGCGCCGGGG 
CGCACGAGGGCACCATGGCCCAGACGCCCGCCTTCGACMG 
CCCAAAGTGAGCGCGCGCGGGGGCTCCGGGGACGGGG GTC 

GACCCCCGTCCCCGGAGCCCCCGCGCGCGCTCACTnGGG 

CTTGTCGAAGGCGGGCGTCTGGGCCATGGTGCCCTCGTGCG 
CCCCGGCGCTGClCCCTC CGCCGCCGCTCGGrnnKrrTrr 

CCATGGCCCAGACGCCC 

GGGCGTCTGGGCCATGG 



Adenosine deaminase 
deficiency 
HIS15ASP 
CAT to GAT 



l^ttttCTCTCTCCCmCTCTCTCTCTTCCCCCTGCCC 
CCTTGCAGGTAGAACTGCATGTCCACCTAGACGGATCCATCA 
AGCCTGAAACCATCTTATACTATGGCAGGTAAGTCC 

GGACTTACCTGCCATAGTATAAGATGGTTTCAGGCTTGATGGA 

I^? CTA( ^ GGACAT ^ CAG1TCT ACCTGCAAGGGGGCAG 
GGGGAAGAGAGAGAGAA AGGGAGAGAGAGAAOAAATA 

TAGAACTGCATGTCCAC 



GTGGACATGCAGTTCTA 



Adenosine deaminase 
deficiency 
GLY20ARG 
GGAtoAGA 



Adenosine deaminase 

deficiency 

GLY74CYS 



ICtoTGC" 



TCCCTTTCTCTCTCTCTTCCCCCTGCCCCCTTGCAGGTAGAA 
CTGCATGTCCACCTAGACGGATCCATCAAGCCTGAAACCATC 
TTATACTATGGCAGGTAAGTCCATACAGAAGAGCCC T 

AGGGCTCTTCTGTATGGACTTACCTGCCATAGTATAAGATGGT 

TTCAGGCTTGATGGATCCGTCTAGGTGGACATGCAGTTCTAC 
CTGCAAGGGGGCAGGGG GAAGAGAGAGAGAAARPifiA 

ACCTAGACGGATCCATC 
GATGGATCCGTCTAGGT 



CCTGGAGCTCCCAAGGGACTTGGGGAAGGTTGTTCCCAACC 

CCTTTCTTCCCTTCCCAGGGGCTGCCGGGAGGCTATCAAAAG 
GATCGCCTATGAGTTTGTAGAGATGAAnfirrAAAnA^ 
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SEQID 



CCTCTTTGGCCTTCATCTCTACAAACTCATAGGCGATCCTnT 
GATAGCCTCCCGGCAGCCCCTGGGMGGGAAGAAAGGGGTT 
GGGAACAACCTTCCCCAAGTCCCTTGGGAGCTCCAGG 



CTATCGCGGGCTGCCGG 



CCGGCAGCCCGCGATAG 



Adenosine Deaminase 
Deficiency 
ARG76TRP 
CGGtoTGG 



GCTCCCAAGGGACTTGGGGAAGGTTGTTCCCAACCCCTTTCT 
TCCCTTCCCAGGGGCTGC£GGGAGGCTATCAAAAGGATCGC 
CTATGAGTTTGTAGAGATGAAGGCCAAAGAGGGCGTGG 



CCACGCCCTCTTTGGCCTTCATCTCTACAAACTCATAGGCGAT 

CCTTTTGATAGCCTCCCGGCAGCCCCTGGGAAGGGAAGAAA 

GGGGTTGGGAACAACCTTCCCCAAGTCCCTTGGGAGC 



GGGGCTGCCGGGAGGCT 



AGCCTCCCGGCAGCCCC 



Adenosine Deaminase 
Deficiency 
LYS80ARG 
AAAtoAGA 



TTGGGGAAGGTTGTTCCCAACCCCTTTCTTCCCTTCCCAGGG 
GCTGCCGGGAGGCTATCAAAAGGATCGCCTATGAGTTTGTAG 
AGATGAAGGCCAAAGAGGGCGTGGTGTATGTGGAGGT 



ACCTCCACATACACCACGCCCTCTTTGGCC1TCATCTCTACAA 
ACTCATAGGCGATCCT7TTGATAGCCTCCCGGCAGCCCCTGG 
GAAGGGAAGAAAGGGGTTGGGAACAACCTTCCCCAA 



GGCTATCAAAAGGATCG 



CGATCCTTTTGATAGCC 



Adenosine deaminase 
deficiency 
ALA83ASP 
GCC to GAC 



GTTGTTCCCAACCCCTTTCTTCCCTTCCCAGGGGCTGCCGGG 

AGGCTATCAAAAGGATCGCCTATGAGTTTGTAGAGATGAAGG 

CCAAAGAGGGCGTGGTGTATGTGGAGGTGCGGTACAG 



CTGTACCGCACCTCCACATACACCACGCCCTCTTTGGCCTTC 

ATCTCTACAAACTCATAGGCGATCCTTTTGATAGCCTCCCGGC 

AGCCCCTGGGAAGGGAAGAAAGGGGTTGGGAACAAC 



AAGGATCGCCTATGAGT 



Adenosine deaminase 
deficiency 
TYR97CYS 
TAT to TGT 



ACTCATAGGCGATCCTT 

AGGCTATCAAAAGGATCGCCTATGAGTTTGTAGAGATGAAGG 
CCAAAGAGGGCGTGGTGTATGTGGAGGTGCGGTACAGTCCG 
CACCTGCTGGCCAACTCCAAAGTGGAGCCAATCCCCTG 



CAGGGGATTGGCTCCACTTTGGAGTTGGCCAGCAGGTGCGG 
ACTGTACCGCACCTCCACAIACACCACGCCCTCTTTGGCCTT 
CATCTCTACAAACTCATAGGCGATCCTTTTGATAGCCT 
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llpftllliliil 



CGTGGTGT ATGTGGAGG 
CCTCCACATACACCACG 



Adenosine deaminase 
deficiency 
ARG101GLN 
CGGtoCAG 



Adenosine deaminase 
deficiency 
ARG101LEU 
CGG to CTG 



Adenosine deaminase 
deficiency 
ARG101TRP 
CGGtoTGG 



Adenosine deaminase 
deficiency 

PRO104LEU 

CCGtoCTG 



?^??5£^ GTTrGTAGAGAT GMGGCCAAAGAGGGCG 
I?^ ATGTG ^ GGTGC ^ GTACAGT CCGCACCTGCTGGCC 
AACTCCAAAGTGGAGCCAATCCCCTGGMCCAGGCTGA 

«?^ AGG ^^ ^^^^fi^CACCTCCACATACACCACGCC 
CTCTTTGGCCTTCATCTCT ACAAACTCATAfifirfiATrn 

GGAGGTGCGGTACAGTC 
GACTGTACCGCACCTCC 

AACTCCAAAGTGGAGCCAATCCCCTGGMCCAGGCTGA 

AjGCAGGT^GGACTGTACSGCACCTCCACATACACCACGCC 
CTCTrTGGCCTTCATCTCT ACAAACTCATAfi^ATrr 

GGAGGTGCGGTACAGTC 

GACTGTACCGCACCTCC 

A 5^?fH ATGAGmGTAGAGATGAAG GCCAAAGAGGGC 
^rSJF^^^^^^GTCCGCACCTGCTGGC 
CAACTCCAAAGTGGAGCCAATCCCCTGGAACCAGGCTG 

CAGCCTGGTTCCAGGGGATTGGCTCCACTTTGGAGnGGCCA 

^^^C^CCGCACCTCCACATACACCACGCCC 
TCTTTGGCCTTCATCTCTA CAAACTCATAGGCfiAT^T 

TGGAGGTGCGGT AC AGT 
ACTGTACCGCACCTCCA 

ATGAGTTTGTAGAGATGAAGGCCAAAGAGGGCGTGGTGTATG 
TGGAGGTGCGGTACAGTCCGCACCTGCTGGCCAACTCCAAA 
GTGGAGCCMTCCCCTGGAACCAGGCTGAGTGAGT GAT 

ATCACTCACTCAGCCTGGTTCCAGGGGATTGGCTCCACTTTG 

GAGTTGGCCAGCAGGTGCGGACTGTACCGCACCTCCACATA 
CACCACGCCCTCTTTGGC CTTCATCTCTACAAArTr A T 

GTACAGTCCGCACCTGC 
6CAGGTCCGGACTGTAC 
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SEQID 


Adenosine deaminase 
deficiency 
LEU106VAL 
CTGtoGTG 


TTTGTAGAGATGAAGGCCAAAGAGGGCGTGGTGTATGTGGAG 

GTGCGGTACAGTCCGCACCTGCTGGCCAACTCCAAAGTGGA 

nrrAATcrrrTftftAArrAftftnTGAGTGAGTGATGGGCC 


49 


GGCCCATCACTwAw 1 UAuUu 1 uu 1 1 w wAouoott 1 1 wo i w w/\ 

CTTTGGAGTTGGCCAGCAGGTGCGGACTGTACCGCACCTCC 
ACATACACCACGCCCTC77TGGCCTTCATCTCTACAAA 


ww 

* 


CTPP^PAPPTTiPTf^ftPP 


51 


GGCCAGCAGGTGCGGAC 


52 


Adenosine deaminase 
deficiency 
LEU107PRO 
CTG to CCG 


TAGAGATGAAGGCCAAAGAGGGCGTGGTGTATGTGGAGGTG 
CGGTACAGTCCGCACCTGCIGGCCAACTCCAAAGTGGAGCG 

AA 1 UwUw 1 VjVjAAOwAooL/ 1 wMO 1 OnO 1 van 1 W\3Uv I VJW\ 


53 


TCCAGGCCCATCACTCACTCAGCCTGGTI LwAGGGwAI 1 laoO 

TCCACTTTGGAGTTGGCCAGCAGGTGCGGACTGTACCGCAC 
CTCCACATACACCACGCCCTCTTTGGCCTTCATCTCTA 




GCACCTGwTGGwwAAw 1 


55 


AGTTGGCCAGCAGGTGC 


56 • 


Adenosine deaminase 
deficiency 
PR0126GLN 
CCA to CAA 


GCCTTCCTnTGCCTCAGGCCCATCCCTACTCCTCTCCTCAC 

ACAGAGGGGACCTCACCCC.AGACGAGGTGGTGGCCCTAGTG 
ppppA/'vvvv^TPPA^PA^^f^fv^Afv^ftAftAPTTP.ftftftfTT 


57 


ACCCCGMGTCTCGCTCCCCCTCCTv^AbbOUL I bbuouAU 
TAGGGCCACCACCTCGTCTGGGGTGAGGTCCCCTCTGTGTG 
AGGAGAGGAGTAGGGATGGGCCTGAGGCAAAAGGAAGGC 




PPTP A PPPP A P A Pf^ A 

I OAwUuOAliAuVaAbo 


59 

WW 


CCTCGTCTGGGGTGAGG 


60 


Adenosine deaminase 
deficiency 
VAL129MET 
GTGtoATG 

• 


TTTGCCTCAGGCCCATCCCTACTCCTCTCCTCACACAGAGGG 
GACCTCACCCCAGACGAGGTGGTGGCCCTAGTGGGCCAGGG 
ppT/^Ar^riAr!^o^riA^pr5A^Ar^rA'^r5RTnAARGCCC 


61 


GGGCCTTGACCCCGAAGTCTCGCT ..CCCCTCCTGCAGGCCC 
TGGCCCACTAGGGCCACCACCTCG'CTGGGGTGAGGTCCCC 
TCTGTGTGAGGAGAGGAGTAGGGATGGGCCTGAGGCAAA 


62 


CAGACGAGGTGGTGGCC 


63 


GGCCACCACCTCGTCTG 
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Adenosine deaminase 
deficiency 

GLY140GLU 
GGG to GAG 



Adenosine deaminase 
deficiency 
ARG142GLN 
CGAtoCAA 



Adenosine deaminase 
deficiency 
ARG142TERM 
CGAtoTGA 



Adenosine deaminase 
deficiency 
ARG149GLN 
CGGtoCAG 



ACAGAGGGGACCTCACCCCAGACGAGGTGGTGGCCCTAGTG 
GGCCAGGGCCTGCAGGAGGGGGAGCGAGACTTCGGGGTCA 
AGGCCCGGTCCATCCTGTGCTGCATGCGCCACCAGCCCAG 

CTGGGCTGGTGGCGCATGCAGCACAGGATGGACCGGGCCTT 
GACCCCGAAGTCTCGCTCCCCCTCCTGCAGGCCCTGGCCCA 
CTAGGGCCACCACCTCGTC TGGGGTGAGGTCCCCTCTGT 

GCAGGAGGGGGAGCGAG 
CTCGCTCCCCCTCCTGC 



GGGACCTCACCCCAGACGAGGTGGTGGCCCTAGTGGGCCAG 

GGCCTGCAGGAGGGGGAGCGAGACTTCGGGGTCAAGGCCC 

GGTCCATCCTGTGCTGCATGCGCCACCAGCCCAGTGAGTA 

TACTCACTGGGCTGGTGGCGCATGCAGCACAGGATGGACCG 
GGCCTTGACCCCGAAGTCTCGCTCCCCCTCCTGCAGGCCCT 
GGCCCACTAGGGCCACCA CCTCGTCTGGGGTGAGGTCCC 

GGGGGAGCGAGACTTCG 



CGAAGTCTCGCTCCCCC 



GGGGACCTCACCCCAGACGAGGTGGTGGCCCTAGTGGGCCA 

GGGCCTGCAGGAGGGGGAGCGAGACTTCGGGGTCAAGGCC 

CGGTCCATCCTGTGCTGCATGCGCCACCAGCCCAGTGAGT 

ACTCACTGGGCTGGTGGCGCATGCAGCACAGGATGGACCGG 
GCCTTGACCCCGAAGTCTCGCTCCCCCTCCTGCAGGCCCTG 
GCCCACTAGGGCCACCAC CTCGTCTGGGGTGAGGTCCCC 

AGGGGGAGCGAGACTTC 
GAAGTCTCGCTCCCCCT 



TGGTGGCCCTAGTGGGCCAGGGCCTGCAGGAGGGGGAGCG 
AGACTTCGGGGTCAAGGCCCGGTCCATCCTGTGCTGCATGC 
GCCACCAGCCCAGTGAGTAGGATCACCGCCCTGCCCAGGG 

CCCTGGGCAGGGCGGTGATCCTACTCACTGGGCTGGTGGCG 

CATGCAGCACAGGATGGACCGGGCCTTGACCCCGAAGTCTC 

GCTCCCCCTCCTGCAGGC CCTGGCCCACTAGGGCCACCA 

CAAGGCCCGGTCCATCC 
GGATGGACCGGGCC1TG 
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ititi 


Adenosine deaminase 
deficiency 
ARG149TRP 
CGG to TGG 


GTGGTGGCCCTAGTGGGCCAGGGCCTGCAGGAGGGGGAGC 
GAGACTTCGGGGTCAAGGCCCGGTCCATCCTGTGCTGCATG 
CGCCACCAGCCCAGTGAGTAGGATCACCGCCCTGCCCAGG 


81 


CCTG(5GCAGGGCGGT(5ATCCTACTCACTGGGCTGGTGGCGC 

Ww 1 UUUwnUUUwUv 1 VJA 1 Wv 1 r»w 1 vnV I wUUw 1 WW 1 WW www 

ATGCAGCACAGGATGGACCGGGCCTTGACCCCGAAGTCTCG 
CTCCCCCTCCTGCAGGCCCTGGCCCACTAGGGCCACCAC 


82 


TCAAGGCCCGGTCCATC 


83 


GATGGACCGGGCCTTGA 


84 


Adenosine deaminase 
deficiency 
LEU152MET 
CTG to ATG 


CTAGTGGGCCAGGGCCTGCAGGAGGGGGAGCGAGACTTCG 
GGGTCAAGGCCCGGTCCATCCTGTGCTGCATGCGCCACCAG 
CCCAGTGAGTAGGATCACCGCCCTGCCCAGGGCCGCCCGT 


85 


r\w ww ww www ww 1 w ww wrtww wwww 1 Un 1 ww 1 Aw 1 wr\w 1 www 

CTGGTGGCGCATGCAGCACAGGATGGACCGGGCCTTGACCC 
CGAAGTCTCGCTCCCCCTCCTGCAGGCCCTGGCCCACTAG 


ou 


GGTCCATCCTGTGCTGC 


87 

W » 


GCAGCACAGGATGGACC 


88 


Adenosine deaminase 
deficiency 
ARG156CYS 
CGCtoTGC 


GGCCTGCAGGAGGGGGAGCGAGACTTCGGGGTCAAGGCCC 
GGTCCATCCTGTGCTGCATGCGCCACCAGCCCAGTGAGTAG 
GATCACCGCCCTGCCCAGGGCCGCCCGTCTCACCCTGGCC 


89 


(^rnARfiRTfiAfiArR(^nfiRCfiCTRRfiCARRRCR^T(5ATC 

www wAwww 1 wAwAww WW WW w www 1 w wwwAwww WW V* 1 UA 1 w 

CTACTCACTGGGCTGGTGGCGCATGCAGCACAGGA~3GACC 
GGGCCTTGACCCCGAAGTCTCGCTCCCCCTCCTGCAGGCC 


90 


GCTGCATGCGCCACCAG 


91 


CTGGTGGCGCATGCAGC 


92 


Adenosine deaminase 
deficiency 
ARG156HIS 
CGC to CAC 


GCCTGCAGGAGGGGGAGCGAGACTTCGGGGTCAAGGCCCG 
GTCCATCCTGTGCTGCATGCGCCACCAGCCCAGTGAGTAGG 
ATCACCGCCCTGCCCAGGGCCGCCCGTCTCACCCTGGCCC 


93 


GGGCCAGGGTGAGACGGGCGGCCCTGGGCAGGGCGGTGAT 
CCTACTCACTGGGCTGGTGGCGCATGCAGCACAGGATGGAC 
CGGGCCTTGACCCCGAAGTCTCGCTCCCCCTCCTGCAGGC 


94 


CTGCATGCGCCACCAGC 


95 


GCTGGTGGCGCATGCAG 


96 
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Adenosine deaminase 
deficiency 
VAL177MET 
GTGtoATG 



Adenosine deaminase 
deficiency 
ALA179ASP 
GCC to 6AC 



Adenosine deaminase 
deficiency 
GLN199PRO 
CAGtoCCG 



Adenosine deaminase 
deficiency 
ARG211CYS 
CGTtoTGT 



CTGCCCACAGACTGGTCCCCCMGGTGGTGGAGCTGTGTAA 
GAAGTACCAGCAGCAGACCGTGGTAGCCATTGACCTGGCTC 
GAGATGAGACCATCCCAGGAAGCAGCCTCTTGCCTGGAC 

ACAGCTCCACCACCTTGGG GGACCAGTCTCTft^rAc 
AGCAGACCGTGGTAGCC 
GGCTACCACGGTCTGCT 



CAGACTGGTCCCCCAAGGTGGTGGAGCTGTGTAAGAAGTAC 
CAGCAGCAGACCGTGGTAGCCATTGACCTGGCTGGAGATGA 
(^CCATCCCAGGMGCAGCCTCTTGCCTGGACATGTCCA 

TGGACATGTCCAGGCAAGAGGCTGCTTCCTGGGATGGTCTCA 

I9T^ A ^^^^^^^ T ^CTACCACGGTCTGCreC7GGTAC 
TTCTTACACAGCTCCACCA CCTTGGGGGArnACTrrr; 

CGTGGTAGCCATTGACC 
GGTCAATGGCTACCACG 

SS A II^^ CTGGCTGGA GATGAGACCATCCCAGGAAGCAGC 
CTmGCCTGGACATGTCCAGGCCTACCAGGTGGCTC^ 
GAGMGGAATGGAGAGGCTGGCCCTGGGTGAGCTTGTCT 

AGACAAGCTCACCCAGGGCCAGCCTCTCCATTCCTTCTCACA 

GCTTCCTGGGATGGTCTC ATCTCCAGCCA^TPaatc 
ACATGTCCAGGCCTACC 
GGTAGGCCTGGACATRT 

^^^ GC ^ CA ^ CAC£GTACTGTCC ACGCCGGGGAGG 
TGGGCTCGGCCGMGTAGTAAAAGAGGTGAGGGCCTGGG 

CCCCGGCGTGGACAGTACGGTGAATGCCGCTCTTCACAGCC 
I c £rcGAAGGGGGAGAGCCAGGTCATGGGTGCCCTAGC 



GCATTCACCGTACTGTC 




GACAGTACGGTGAATGC 
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Adenosine deaminase 
deficiency 
ARG211HIS 
CGT to CAT 



seqie> 



CTAGGGCACCCATGACCTGGCTCTCCCCCTTCCAGGAGGCT 
GTGAAGAGCGGCATTCACCGTACTGTCCACGCCGGGGAGGT 
GGGCTCGGCCGAAGTAGTAAAAGAGGTGAGGGCCTGGGC 



GCCCAGGCCCTCACCTC7TTTACTACTTCGGCCGAGCCCACC 

TCCCCGGCGTGGACAGTACGGTGAATGCCGCTCTTCACAGC 

CTCCTGGAAGGGGGAGAGCCAGGTCATGGGTGCCCTAG 



CATTCACCGTACTGTCC 



113 



114 



115 



116 



Adenosine deaminase 
deficiency 
ALA215THR 
GCCtoACC 



Adenosine deaminase 
deficiency 
GLY216ARG 
GGGtoAGG 



Adenosine deaminase 
deficiency 
GLU217LYS 
GAGtoAAG 



ATGACCTGGCTCTCCCCCTTCCAGGAGGCTGTGAAGAGCGG 

CATTCACCGTACTGTCCACGCCGGGGAGGTGGGCTCGGCCG 

AAGTAGTAAAAGAGGTGAGGGCCTGGGCTGGCCATGGGG 



CCCCATGGCCAGCCCAGGCCCTCACCTCTTTTACTACTTCGG 
CCGAGCCCACCTCCCCGGCGTGGACAGTACGGTGAATGCCG 
CTCTTCACAGCCTCCTGGAAGGGGGAGAGCCAGGTCAT 



CTGTCCACGCCGGGGAG 



CTCCCCGGCGTGGACAG 



ACCTGGCTCTCCCCCTTCCAGGAGGCTGTGAAGAGCGGCAT 

TCACCGTACTGTCCACGCCGGGGAGGTGGGCTCGGCCGAAG 

TAGTAAAAGAGGTGAGGGCCTGGGCTGGCCATGGGGTCC 



GGACCCCATGGCCAGCCCAGGCCCTCACCTCTTTTACTACn 
CGGCCGAGCCCACCTCCCCGGCGTGGACAGTACGGTGAATG 
CCGCTCTTCACAGCCTCCTGGAAGGGGGAGAGCCAGGT 



TCCACGCCGGGGAGGTG 



CACCTCCCCGGCGTGGA 

TGGCTCTCCCCCTTCCAGGAGGCTGTGAAGAGCGGCATTCA 

CCGTACTGTCCACGCCGGGGAGGTGGGCTCGGCCGAAGTAG 

TAAAAGAGGTGAGGGCCTGGGCTGGCCATGGGGTCCCTC 



GAGGGACCCCATGGCCAGCCCAGGCCCTCACCTCTTTTACTA 
CTTCGGCCGAGCCCACCTCCCCGGCGTGGACAGTACGGTGA 
ATGCCGCTCTTCACAGCCTCCTGGAAGGGGGAGAGCCA 



ACGCCGGGGAGGTGGGC 



GCCCACCTCCCCGGCGT 



117 



118 



119 



120 



121 



122 



123 



126 



127 



128 
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Adenosine deaminase 
deficiency 
THR233ILE 
ACAtoATA 



Adenosine deaminase 
deficiency 
ARG253PRO 
CGG to CCG 



Adenosine deaminase 
deficiency 
GLN254TERM 
CAG to TAG 



Adenosine deaminase 
deficiency 
PR0274LEU 
CCGtoCTG 



I^™I ACTCMGAeA ^ GC( ^ TG GGACACGGCTACC 
ACACCCTGGAAGACCAGGCCCTTTATAACAGGCTGCG 

^ G f CTGTTATAAAGG GCCTGGTCTTCCAGGGTGTGGTAG 
a^?Z^^H GAG ^ GG ^^— ^^ GAG ^^ G ^ G ACAGCCTGT 
AGAG AAGCAGAATAGAG^CCAAGTATGGGAGGAGGCAG 

ACTCAAGACAGAGCGGC 
GCCGCTCT GTCTTGAGT 

^^^^^^^^^^^TACCACACCCTGGAAGACCAG 
GCCCTTTATAACAGGCTGCfiGCAGGAAAACATGCACTTCGAG 
GT AAGCGGGCCAGGGAGT GGGGAGGAACCATCCCCGGC 

GCCGGGGATGGTTCCTCCCCACTCCCTGGCCCGCnACCTC 

^ G J5 A ZS mCCTGC ^ GCAGCCTG ™ T AAAGGGCCTG 
GTCTTCCAGGGTGTGGTAG CCGTGTCCCAfi^rTrT^ 

CAGGCTGCGGCAGGAM 

TTTCCTGCCGCAGCCTG 

GAGCGGCTGGGACACGGCTACCACACCCTGGAAGACCAGGC 
rrIF ^AACAGGCTGCGGCAGGAAAACATGCACTTCGAGGT 
MGCGGGCCAGGGAGTGGGGAGGAACCATCCCCGGCTG 

TGGTCTTCCAGGGTGTGGT AGCCGTGTCmAr,^Tr 
GGCTGCGGCAGGAAAA C 
GTTTTCCTGCCGCAGCC 



CGGTGAGCTCTGTTCCCCTGGGCCTGTTCMTTTTGTT 

AACMAATTGAACAGGCCCAGGGGMCAGAGCTCACCGMTG 

ACTGCATGCTCCGTGTCCGGCTTCCAGGCACCAGTGAGGTA 
GCTGGACCAGGGGCAGATC TGGAAGAGCAfyrrfiTCTr^ 

CTGGAAGCCGGACACGG 
CCGTGTCCGGCTTCCAG 



129 



130 



131 



132 



133 



134 



137 



138 



141 



142 



i. 

f 

# 

r 

t« 
i 

i: 



r c 
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Adenosine deaminase 
deficiency 
SER291LEU 
TCG to TTG 



GGAGGCTGATTCTCTCCTCCTCCCTCTTCTGCAGGCTCAAAA 
ATGACCAGGCTAACTACTCGCTCAACACAGATGACCCGCTCA 
TCTTCAAGTCCACCCTGGACACTGATTACCAGATGAC 



GTCATCTGGTAATCAGTGTCCAGGGTGGACTTGAAG ATGAG C 

GGGTCATCTGTGTTGAGCGAGTAGTrAGCCTGGTCATTTTTGA 

GCCTGCAGAAGAGGGAGGAGGAGAGAATCAGCCTCC 



TAACTACTgGCTCAACA 



TGTTGAGCGAGTAGTTA 



Adenosine deaminase 
deficiency 
PR0297GLN 
CCG to CAG 



CCTCCCTCTTCTGCAGGCTCAAAAATGACCAGGCTAACTACT 
CGCTCAACACAGATGACCCGCTCATC7TCAAGTCCACCCTGG 
ACACTGATTACCAGATGACCAAACGGGACATGGGCTT 



AAGCCCATGTCCCGTTTGGTCATCTGGTAATCAGTGTCCAGG 

GTGGACTTGAAGATGAGCGGGTCATCTGTGTTGAGCGAGTAG 

TTAGCCTGGTCATTTTTGAGCCTGCAGAAGAGGGAGG 



AGATGACCCGCTCATCT 



AGATGAGCGGGTCATCT 



Adenosine deaminase 
deficiency 
LEU304ARG 
CTG to CGG 



Adenosine deaminase 
deficiency 
ALA329VAL 
C-to-T at base 1081 



AAAATGACCAGGCTAACTACTCGCTCAACACAGATGACCCGC 

TCATCTTCAAGTCCACCCTGGACACTGATTACCAGATGACCAA 

ACGGGACATGGGCTTTACTGAAGAGGAGTTTAAAAG 



CTTTTAAACTCCTCTTCAGTAAAGCCCATGTCCCGTTTGGTCA 
TCTGGTAATCAGTGTCCAGGGTGGACTTGAAGATGAGCGGGT 
CATCTGTGTTGAGCGAGTAGTTAGCCTGGTCATTTT 



GTCCACCCTGGACACTG 



CAGTGTCCAGGGTGGAC 



GCCTTCTTTGTTCTCTGG7TCCATGTTGTCTGCCATTCTGGCC 
TTTCCAGAACATCAATGCGGCCAAATCTAGTTTCCTCCCAGAA 
GATGAAAAGAGGGAGCTTCTCGACCTGCTCTATAA 



TTATAGAGCAGGTCGAGAAGCTCCCTCTTTTCATCTTCTGGGA 
GGAAACTAGATTTGGCCGCATTGATGTTCTGGAAAGGCCAGA 

ATGGCAGACAACATGGAACCAGAGAACAAAGAAGGC 



CATCAATGCGGCCAAAT 



ATTTGGCCGCATTGATG 



146 



147 



148 



149 



150 



151 



152 



153 



154 



155 



156 



157 



158 



159 



160 
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EXAMPLE 5 

P53 Mutations 



PCT/USOl/09761 



The p53 gene codes for a protein that acts as a transcription factor and serves as a key 
regulator of the cell cycle. Mutation in this gene is probably the most significant genetic change 
characterizing the transformation of cells from normalcy to malignancy. 

Inactivation of p53 by mutation disrupts the cell cycle which, in turn, sets the stage for 
tumorformation. Mutations in the p53 gene are among the mostcommonly diagnosed genetic disorders 
occunng in as many as of cancer patients. For some types ofcancer, most notably of the breast ' 
lung and colon, p53 mutations are the predominant genetic alternations found thus far. These mutations 
are associated with genomic instability and thus an increased susceptibility to cancer. Some p53 lesions 
result in malignancies that are resistant to the most widely used therapeutic regimens and therefore 
demand more aggressive treatment 

That P 53 is associated with different malignant tumors is illustrated in the Li-Fraumeni 
autosomal dominant hereditary disorder characterized by familial multiple tumors due to mutation in the 
P53 gene. Affected individuals can develop one or more tumors, including: brain (1 2%); soft-tissue 
sarcoma (12%); breast cancer (25%); adrenal tumors bone cancer (osteosarcoma) (6%); cancer of 
the lung, prostate, pancreas, and colon as well as lymphoma and melanoma can also occur. 

Certain of the most frequently mutated codons are codons 175, 248 and 273, however a 
variety of oligonucleotides are described below in the attached table. 



Table 11 

iS3 Mutations and Genome-Correcting OKgns 




In 2 families with 
U-Fraumeni 
syndrome, there was a 

C-to-T mutation at the 
first nucleotide of 
codon 248 which 
changed arginine '*• 
tryptophan. 



^^^^ ^^^^^^CTAC^TGTGTAACAGTTCCT 
GCATGGGCGGCATGAACCGGAGGCCCATCCTCACCATCATC 
ACACTGGAAGACTCCAGGTCAGGAGCCACnGCCACC 



GGTGGCAAGTGGCTCCTGACCTGGAGTCTTCCAGTGTGATGA 

TGGTGAGGATGGGCCTCCGGTTCATGCCGCCCATGCAGGAA 
CTGTTACACATGTAGTTGT AGTGGATGGTGRTArAnTn 

GCATGAACCGGAGGCCC 



161 



162 



163 



c ( 
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-52- 



vv/Xv.v.X\\v: v.-:->. 



SEQID 

IliS 



GGGCCTCCGGTTCATGC 



164 



In a family with the 
Li-Fraumeni 
syndrome, a G-to-A 
mutation at the first 
nucleotide of codon 
258 resulting in the 
substitution of lysine 
for glutamic acid. 



TGTAACAGTTCCTGCATGGGCGGCATGAACCGGAGGCCCAT 

CCTCACCATCATCACACTGGAAGACTCCAGGTCAGGAGCCAC 

TTGCCACCCTGCACACTGGCCTGCTGTGCCCCAGCCTC 



GAGGCTGGGGCACAGCAGGCCAGTGTGCAGGGTGGCAAGT 

GGCTCCTGACCTGGAGTCTTCCAGTGTGATGATGGTGAGGAT 

GGGCCTCCGGTTCATGCCGCCCATGCAGGAACTGTTACA 



TCACACTGGAAGACTCC 



GGAGTCTTCCAGTGTGA 



165 



166 



167 



168 



In a family with the 
Li-Fraumeni 
syndrome, a G-to-T 
mutation at 
the first nucleotide of 
codon 245 resulting in 
the substitution of 
cysteine for glycine. 



GTTGGCTCTGACTGTACCACCATCCACTACAACTACATGTGTA 

ACAGTTCCTGCATGGGCGGCATGAACCGGAGGCCCATCCTC 

ACCATCATCACACTGGAAGACTCCAGGTCAGGAGCCA 



169 



A gly245-to-ser, 
GGC-to-AGC, 
mutation was found in 
a patient in whom 
osteosarcoma was 
diagnosed at the age 
of 18 years. 

In a family with the 
Li-Fraumeni 
syndrome, a germline 
mutation at codon 252: 
a T-to-C change at the 
second position 
resulted in substitution 
of proline for leucine. 



TGGCTCCTGACCTGGAGTCTTCCAGTGTGATGATGGTGAGGA 
TGGGCCTCCGGTTCATGCCGCCCATGCAGGAACTGTTACACA 
TGTAGTTGT AGTGGATGGTGGTACAGTCAGAGCCAAC 



GCATGGGCfiGCATGMC 



GGCCAGTGTGCAGGGTGGCAAGTGGCTCCTGACCTGGAGTC 
TTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTTCATGCC 
GCCCATGCAGGAACTGTTACACATGTAGTTGTAGTGGA 



GCCCATCCTCACCATCA 



TGATGGTGAGG^TGGGC 



170 



171 



GTTCATGCCGCCCATGC 172 

TCCACTACAACTACATGTGTAACAGTTCCTGCATGGGCGGCA 1 73 
TGAACCGGAGGCCCATCCICACCATCATCACACTGGAAGACT 
CCAGGTCAGGAGCCACTTGCCACCCTGCACACTGGCC 



174 



175 



176 
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( 
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Researchers analyzed 
for mutations in p53 
hepatocellular 
carcinomas from 
patients in Qidong, an 
area of high incidence 
in China, in which both 
hepatitis B virus and 
aflatoxin B1 are risk 
factors. Bghtof 16 
tumors had a point 
mutation at the third 
base position of codon 
249. The G-to-T 
mutation at codon 249 
led to a change from 
arginine to serine 
(AGG to AG' 

In cases of 
hepatocellular 
carcinoma in southern 
Africa, a G-to-T 
substitution in codon 
157 resulting in a 
change from valine to 
phenylalanine. 



In a family with 
U-Fraumeni in which 
noncancerous skin 
fibroblasts from 
affected individuals 
showed an unusual 
radiation-resistant 
phenotype, a point 
mutation in codon 245 
of the P53 gene. A 
change from GGC to 
GAC predicted 
substitution of aspartic 
acid for glycine. 



TACCACCATCCACTACMCTACATGTGTAACAGTTCCTGCATG 

GGCGGCATGAACCGGAGGCCCATCCTCACCATCATCACACT 

GGMGACTCCAGGTCAGGAGCCACTTGCCACCCTGCA 



ID 



177 



TGCAGGGTGGCAAGTGGCTCCTGACCTGGAGTCTTCCAGTG I 178 
TGATGATGGTGAGGATGGGCCTCCGGTTCATGCCGCCCATG 
CAGGAACTGTTACACATGTAGTTGTAGTGGATGGTGGTA 



AACCGGAGGCCCATCCT 



179 



AGGATGGGCCTCCGGTT 



180 



CTGGCCAAGACCTGCCCTGTGCAGCTGTGGGTTGATTCCACA 
CCCCCGCCCGGCACCCGCGTCCGCGCCATGGCCATCTACAA 
GCAGTCACAGCACATGACGGAGGTTGTGAGGCGCTGCC 

GGCAGCGCCTCACMCCTCCGTCATGTGCTGTGACTGCTTGT 
AGATGGCCATGGCGCGGACGCGGGTGCCGGGCGGGGGTGT 
GGAATCAACCCACAGCTG CACAGGGCAGGTCTTGGCCAG 

GCACCCGCGTCCGCGCC 
GGCGCGGACGCGGGTGC 



181 



182 



183 



184 



TTGGCTCTGACTGTACCACCATCCACTACAACTACATGTGTAA 
CAGTTCCTGCATGGGCGGCATGAACCGGAGGCCCATCCTCA 
CCATCATCACACTGGAAGACTCCAGGTCAGGAGCCAC 



GTGGCTCCTGACCTGGAGTCTTCCAGTGTGATGATGGTGAGG 
ATGGGCCTCCGGTTCATGCCGCCCATGCAGGAACTGTTACAC 
ATGTAGTTGTAGTGGATG GTGGTACAGTCAGAGCCM 

CATGGGCGGCATGAACC 



GGTTCATGCCGCCCATG 



185 



186 



187 



188 



c 
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liiilil/kftafa^ 




isiiii 


In 2 of 8 families with 
Li-Fraumeni 
syndrome, a mutation 


ACTGTACCACCATCCACTACMCTACATGTGTAACAGTTCCTG 

CATGGGCGGCATGAACCGGAGGCCCATCCTCACCATCATCA 

CACTGGAAGACTCCAGGTCAGGAGCCACTTGCCACCC 


189 


in codon 248: a 
C6G-to-CAG change 
resulting in substitution 
of glutamine for 
arginine. 


GGGTGGCAAGTGGCTCCTGACCTGGAGTCTTCCAGTGTGAT 

GATGGTGAGGATGGGCCTCCGGTTCATGCCGCCCATGCAGG 

AACTGTTACACATGTAGTTGTAGTGGATGGTGGTACAGT 


190 


CATGAACCGGAGGCCCA 


191 




TGGGCCTCCGGTTCATG 


192 


In 9 members of an 
extended family with 
Li-Fraumeni 


CCCTGACTTTCAACTCTGTCTCCTTCCTCTTCCTACAGTACTC 
CCCTGCCCTCAACAAGATGTTTTGCCAACTGGCCAAGACCTG 
CCCTGTGCAGCTGTGGGTTGATTCCACACCCCCGCC 


193 


syndrome, a germline 
mutation at coaon \so 
(ATG-to-ACG), 
resulted in the 


GGCGGGGGTGTGGMTCAACCCACAGCTGCACAGGGCAGGT 
CTTGGCCAGTTGGCAAAACATCTTGTTGAGGGCAGGGGAGTA 
CTGTAGGAAGAGGAAGGAGACAGAGTTGAAAGTCAGGG 


194 

• 


substitution of 

UlfvUIMUVI ■ Wl 

threonine for 
methionine (M133T), 


UAAOAAoAJ_b Nil bl/U 




and completely 
cosegregatBa wtm ine 
cancer syndrome. 


GGCAAAACATCTTGTTG 


196 


In 1 pedigree 
consistent with the 
Li-Fraumeni 


TCTTGCTTCTCTTTTCCTATCCTGAGTAGTGGTAATCTACTGG 

GACGGAACAGCTTTGAGGTGCGTGTTTGTGCCTGTCCTGGGA 

GAGACCGGCGCACAGAGGAAGAGAATCTCCGCAAGA 


197 


syndrome, a germline 
G-to-T trans version at 
codon 272 (valine to 
leucine) was found. 


TCTTGCGGAGATTCTCTTCCTCTGTGCGCCGGTCTCTCCCAG 
GACAGGCACAAACACGCACCTCAAAGCTGTTCCGTCCCAGTA 
GATrACCACTACTCAGGATAGGAAAAGAGAAGCAAGA 


198 


GCTTT GAGGTGCGT GTT 


199 




AACACGCACCTCAAAGC 


200 


Aser241-to-phe 
mutation due to a 
TCC-to-TTC change 


TTATCTCCTAGGTTGGCTCTGACTGTACCACCATCCACTACAA 
CTACATGTGTAACAGTTCCTGCATGGGCGGCATGAACCGGAG 
GCCCATCCTCACCATCATCACACTGGAAGACTCCAG 


201 


was found in a patient 
with hepatoblastoma 
and multiple foci of 
-OfitflnRamoma, 1 


CTGGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCG 
GTTCATGCCGCCCATGCAGGAACTGTTACACATGTAGTTGTA 
GTGGATGGTGGTACAGTCAGAGCCAACCTAGGAGATAA 


202 



WO 01/73002 



c 
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An AAG-to-TAG 
change of codon 120, 
resulting in conversion 
from lysine to a stop 
codon, was found in a 
patient with 
osteosarcoma and 
adenocarcinoma of 
the lung at age 18 and 
brain tumor (glioma) at 
the age of 27. 



A CGG-to-TGG 
change at codon 282, 
resulting in the 
substitution of 
tryptophan for argk- 
nine, was found in a 
patient who developed 
osteosarcoma at the 
age of 10 years. 



TAACAGTTCCTGCATGG 
CCATGCAGGAACTGTTA 



CAGAAAACCT ACCAGGGCAGCTACGGTTTCCGTCTGGGCTTC 
TTGCATTCTGGGACAGCCAAGTCTGTGACTTGCACGGTCAGT 
TGCCCTGAGGGGCTGGCTTCCATGAGACTTCAATGCC 

GGCATTGMGTCTCATGGAAGCCAGCCCCTCAGGGCAACTG 

ACCGTGCAAGTCACAGACTTGGCTGTCCCAGAATGCAAGAAG 
CCCAGACGGAAACCGTAG CTGCCCTGGTAGGTTTTCTG 

GGACAGCCAAGTCTGTG 



CACAGACTTGGCTGTCC 



GGTAATCTACTGGGACGGAACAGCTTTGAGGTGCGTGTTTGT 
GCCTGTCCTGGGAGAGACCGGCGCACAGAGGAAGAGMTCT 
CCGCAAGAAAGGGGAGCCTCACCACGAGCTGCCCCC AG 

CTGGGGGCAGCTCGTGGTGAGGCTCCCCTTTCTTGCGGAGA 

TTCTCTTCCTCTGTGCGCCGGTCTCTCCCAGGACAGGCACAA 
ACACGCACCTCAAAGCTGT TCCGTCCCAGTAGATTACC 

GGAGAGACCGGCGCACA 
TGTGCGCCGGTCTCTCC 



In 5 of 6 anaplastic 
carcinomas of the 
thyroid and in an 
anaplastic carcinoma 
thyroid cell fine ARO, a 
CGT-to-CAT mutation 
converted 
arginine-273 to 
histidine. 



GCTTCTCTTTTCCTATCCTGAGTAGTGGTAATCTACTGGGACG 
GAACAGCTTTGAGGTGCGTGTTTGTGCCTGTCCTGGGAGAGA 
CCGGCGCACAGAGGAAGAGAATCTCCGCAAGAAAG G 

CCTTTCTTGCGGAGATTCTCTTCCTCTGTGCGCCGGTCTCTC 

CCAGGACAGGCACAAACACGCACCTCAAAGCTGTTCCGTCCC 
AGTAGATTACCACTACTC AGGATAGGAAAAGAGAAGC 

TGAGGTGCGTGTTTGTG 
CACAAACA£GCACCTCA 



203 



204 



205 



206 



207 



208 



209 



210 



211 



212 



213 



214 



215 



216 



v. 

WO 01/73002 PCTAJS01/09761 

-56- 









A germline 

GGA-to-GTA mutation 
resulting in a change 
of 

gIycine-325 to valine 
was found in a patient 
who had non-Hodgkin 
lymphoma diagnosed 
at age 17 and colon 
carcinoma at age 26. 


TCCTAGCACTGCCCAACAACACCAGCTCCTCTCCCCAGCCM 
AGAAGAAACCACTGGATGGAGAATATTTCACCCTTCAGGTACT 
AAGTCTTGGGACCTCTTATCAAGTGGAAAGTTTCCA 


217 


TGGAMCTTTCCACTTGATAAGAGGTCCCAAGACTTAGTACCT 
GAAGGGTGAAATATTCTCCATCCAGTGGTTTCT7CTTTGGCTG 

GGGAGAGGAGrTGGTGTTGTTGGGrAGTGfTAGGA 


218 


ACTGGATGGAGAATATT 


219 


AATATTCTCCATCCAGT 


220 


CGC-CCC 
Arg-72 to Pro 
association with Lung 
cancer 


AATGGTTCACTGAAGACCCAGGTCCAGATGAAGCTCCCAGAA 
TGCCAGAGGCTGCTCCCCGCGTGGCCCCTGCACCAGCAGCT 

rrTArArrftRTRRrrrrTftrArrAfirrrrrTCCTGGCC 


221 


GGLGAbuAbGoobCTGoTGOAw 1 o 1 AGGAG 

CTGCTGGTGCAGGGGCCACGCGGGGAGCAGCCTCTGGCATT 
CTGGGAGCTTCATCTGGACCTGGGTCTTCAGTGAACCATT 


999 




223 


GGGCCACGCGGGGAGCA 


224 


CCG-CTG 
Pro-82 to Leu 
Breast cancer 


AAGCTCCCAGAATGCCAGAGGCTGCTCCCCGCGTGGCCCCT 
GCACCAGCAGCTCCTACACCGGCGGCCCCTGCACCAGCCCC 

CTnCTGGfirirnTfiTfiATflTTnTGTnrflTTCCnAGAAAAC 


225 

• 


o 1 1 1 1 U 1 OwwAAwwwAwAwAAwAI wAwAwww^wwAwwAo^Uw 

GGCTGGTGCAGGGGCCGCCGGTGTAGGAGCTGCTGGTGCA 
GGGGCCACGCGGGGAGCAGCCTCTGGCATTCTGGGAGCTT 


99ft 


TCCTACACCGGCGGCCC 

1 ww ■ nvnUV w wWwwWWW 


227 


GGGCCGCCGGTGTAGGA 


228 


cCAA-TAA 
Gln-136toTerm 
Li-Fraumeni syndrome 


TTCAACTCTGTCTCCTTCCTCTTCCTACAGTACTCCCCTGCCC 
TCAACAAGATGTTTTGCCAACTGGCCAAGACCTGCCCTGTGC 

AGCTGTGGGTTGATTCCACACCCCCGCCCGGCACCC 

nwv 1 w 1 www 1 1 w/» 1 1 wWnvnwwWvwvVVWVJ UWrvwwv 


229 


GGGTGCCGGGCGGGGGTGTGGAATCAACCCACAGCTGCACA 

I UvWWvwwwwmvv 1 \J I \«^nJ/w \ i w/w»^/^/ w# »w/i^rf w I wwnwn 

GGGCAGGTCTTGGCCAGTTGGCAAAACATCTTGTTGAGGGCA 
GGGGAGTACTGTAGGAAGAGGAAGGAGACAGAGTTGAA 


230 


TGTTTTGCCAACTGGCC 


231 


GGCCAGTTGGCAAAACA 


232 



WO 01/73002 



( 
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TGC-TAC 
Cys-141toTyr 
Li-Fraumeni syndrome 



aCCC-TCC 
Pro-151 to Ser 
Li-Fraumeni syndrome 



TCCTCTTCCTACAGTACTCCCCTGCCCTCMCAAGATGT7TTG 
CCAACTGGCCAAGACCTGCCCTGTGCAGCTGTGGGTTGATTC 
CACACCCCCGCCCGGCACCCGCGTCCGCGCCATGGC 

GCCATGGCGCGGACGCGGGTGCCGGGCGGGGGTGTGGAAT 

CAACCCACAGCTGCACAGGGCAGGTCTTGGCCAGTTGGCM 
AACATCTTGTTGAGGGCAGGG GAGTACTGTAfifiAAriAr^A 

CAAGACCTGCCCTGTG C 
GCACAGGGCAGGTCTTG 



CCG-CTG 
Pro-152 to Leu 
Adrenocortical 
carcinoma 



AACMGATGTTTTGCCAACTGGCCAAGACCTGCCCTGTGCAG 

CTGTGGGTTGATTCCACACCCCCGCCCGGCACCCGCGTCCG 
CGCCATGGCCATCTACAAGCAGTCACAGCACATGACGG 

CCGTCATGTGCTGTGACTGCTTGTAGATGGCCATGGCGCGG 

ACGCGGGTGCCGGGCGGGGGTGTGGAATCAACCCACAGCT 
GCACAGGGCAGGTCTTGG CCAGTTGGCAAAAnATrTTrsTT 

ATTCCACACCCCCGCC C 
GGGCGGGGGTGTGGAAT 



AGATGTrrTGCCAACTGGCCAAGACCTGCCCTGTGCAGCTGT 

GGGTrGATTCCACACCCCCGCCCGGCACCCGCGTCCGCGCC 
ATGGCCATCTACAAGCAGTCACAGCACATfiArry^Afyrr 



GGC-GTC 
Gfy-1 54 to Vaf 
Glioblastoma 



CGGACGCGGGTGCCGGGCGGGGGTGTGGAATCAACCCACA 
GCTGCACAGGGCAGGTCT TGGCCAGTTGfinAAAArATPT 

CACACCCCgGCCCGGCA 
IGCCGGGCGGGGGTGTG 



TrTGCCAACTGGCCAAGACCTGCCCTGTGCAGCTGTGGGnG 
ATTCCACACCCCCGCCCGGCACCCGCGTCCGCGCCATGGCC 
^CTACAAGCAGTCACAGCACATGACGGAGGTTGTGAG 



CGC-CAC 
Arg-1 75 to His 
Li-Fraumeni syndroms 



?™^ CCTCCGTCATGTGCTCTGA CTGCTTGTAGATGGCC 

ATGGCGCGGACGCGGGTGCCGGGCGGGGGTGTGGAATCAA 
CCCACAGCTGCACAGGGCA GGTCTTGGC^AfiTT^rAAA 

CCCGCCCGGCACCCGCG 
CGCGGGTGCCGGGCGGG 



233 



234 



237 



238 



241 



242 



245 



246 



^^ GGAGGnGTGAGGC ^ CTGCCCC CACCATGAGCGCTG 
CTCAGATAGCGATGGTGAGCAGCTR^rr^A^A^A^^ 



WO 01/73002 PCT/US01/09761 

-58- 



^^^^^^^^^^ 




iliif 


• 


CGTCTCTCCAGCCCCAGCTGCTCACCATCGCTATCT^^Ae 
CGCTCATGGTGGGGGCAGCGCCTCACAACCTCCGTCATGTG 
CTGTGACTGCTTGTAGATGGCCATGGCGCGGACGCGGG 


25U 




1 GTbAooUGU 1 oL»OL/l/U 






GGGGGCAGCGCCTCACA 


2S2 


tGAG-AAG 
Glu-180toLys 
U-Fraumeni syndrome 


ATGGCCATCTACAAGCAGTCACAGCACATGACGGAGGTTGTG 
AGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGG 

TGAGCAGCTbGGbO I tooAtoAUAUbAOAbboLr 1 bvp 1 1 


253 




GCMCCAGCCCTGTCGTCTCTCCAGCCCCAGCTGCTCACCAT 
CGCTATCTGAGCAGCGCT£ATGGTGGGGGCAGCGCCTCACA 
ACCTCCGTCATGTGCTGTGACTGCTTGTAGATGGCCAT 


254 




CCCACCATGAGCGCTGC 


ZOO 




GCAGCGCTCATGGTGGG 


256 


aCGC-TGC 
Arg-181toCys 
Breast cancer 


GCCATCTACAAGCAGTCACAGCACATGACGGAGGTTGTGAGG 
CGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTGA 
GCAGCTGGGGCTGGAGAGACGACAGGGGTbtoi 1 bwOOA 


257 




TGGGCAACCAGCCCTGTCGTCTCTCCAGCCCCAGCTGCTCA 
CCATCGCTATCTGAGCAGCGCTCATGGTGGGGGCAGCGCCT 
CACAACCTCCGTCATGTGCTGTGACTGCTTGTAGATGGC 


258 




A A"Y"/"N A 0/*OOTOOTO A 

ACCATGAG£GCTGCTCA 


zoy 




TGAGCAGCGCTCATGGT 


260 


CGC-CAC 
Arg-81 to His 
Breast cancer 


CCATCTACAAGCAGTCACAGCACATGACGGAGGTTGTGAGGC 
GCTGCCCCCACCATGAGCgCTGCTCAGATAGCGATGGTGAG 

CAGCTGGGbo 1 boAoAoAOtoAOAtototoLr 1 too 1 1 oUuwvj 


261 




ACCATCGCTATCTGAGCAGCGCTCATGGTGGGGGCAGCGCC 
TCACAACCTCCGTCATGTGCTGTGACTGCTTGTAGATGG 


262 




AA* TA * A«A ATA AJA A 

CCATGAboGO 1 bO 1 UAb 






CTGAGCAGCGCTCATGG 


264 


CAT-CGT 
His-193toArg 
Li-Fraumeni syndrome 


CCAGGGTCCCCAGGCCTCTGATTCCTCACTGATTGCTCTTAG 
GTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGGAAATT 
TGCGTGTGGAGTATTTGGATGACAGAAACAGTT7TCG 


265 




CGAAAAGTGTTTCTGTCATCCAAATACTCCACACGCAAATTTC 

CTTCCACTCGGATAAGATGCTGAGGAGGGGCCAGACCTAAGA 

GCAATCAGTGAGGAATCAGAGGCCTGGGGACCCTGG 


266 



WO 01/73002 



c 
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•.•X':v>::<-:-::-;-:.^::<-:-: 



cCGA-TGA 
Arg-196toTerm 
Adrenocortical 
carcinoma 



TCCTCAGCATCTTATCC 
GGATMGATGCTGAGGA 

GAGTATTTGGATGACAGAAACACTTTTCGACATAGTG 

^^^^^^S^TMGATGCTGAGGAGGGGCCAG 
ACCTMGAGCMTCAGTGA GGMTCAGAfW^rn^^ 

ATCTTATCCGAGTGGAA 
I TTCCACTCGGATAAGAT 



cAGA-TGA 
Arg-209 to Term 
Li-Fraumeni syndrome 



tCGA-TGA 
Arg-213toTerm 
Li-Fraumeni syndrome 



^S?^ G f ATOTATCC ^ CTG ^ G ^T^GCGT 

S^^^ T ^ CAG ^ CACTTT T C GACATAGTGTG 
GTGGTGCCCTATGAGCCGCCTGAGGTCTGGTTTGCAA 

CTATGTCGAAMGTGmCIGTCATCCAAATACTCCACACGCA 
MmCCTTCCACTCGGATM (^TGCTflA^A^r A 

TGGATGACAGAAACACT 

AGJGTTTCIGTCATCCA 



CATCTTATCCGAGTGGAAGGAAATTTGCGTGTGGAGTATTTG 

GATGACAGAAACACTTTTCGACATAGTGTGGTGGTGCCCTAT 
GAGCCGCCTGAGGTCTGGTTTGCMCTflf^fiTrTrT/^ 



ACTCCACACGCAMTTTCC TTCCACTCGRATAArj^I^^^^^ 
ACACTTTTCGACATAGT 

ACJATGTCGAAAAGTGT 



gCCC-TCC 
Pro-219toSer 
Adrenocortical 
carcinoma 



TTTGCAACTGGGGTCTCTGGGAGGAGGGGTTAAGGG T 

TGTTTCTGTCATCCAAATA CTCCACACfirAAATrrrr 
TGGTGGTGCCCTATGAG 
CTCAJAGGGCACCACCA 



270 



273 



274 



277 



278 



281 



282 
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mil 



TAT-TGT 
Tyr-220toCys 
Li-Fraumeni syndrome 



ATTTGCGT6TGGAGTATTTGGATGACAGAAACACTTTTCGACA 

TAGTGTGGTGGTGCCCTATGAGCCGCCTGAGGTCTGGTTTG 

CAACTGGGGTCTCTGGGAGGAGGGGTTAAGGGTGGTT 



AACCACCCTTAACCCCTCCTCCCAGAGACCCCAGTTGCAAAC 
CAGACCTCAGGCGGCTCATAGGGCACCACCACACTATGTCG 
AAAAGTGnTCTGTCATCCAAATACTCCACACGCAAAT 



GGTGCCCTATGAGCCGC 



GCGGCTCATAGGGCACC 



cTCT-ACT 

Ser-227toThr 

Rhabdomyosarcoma 



CACAGGTCTCCCCAAGGCGCACTGGCCTCATCTTGGGCCTG 

TGTTATCTCCTAGGTTGGCTCTGACTGTACCACCATCCACTAC 

AACTACATGTGTMCAGTTCCTGGATGGGCGGCATGA 



TCATGCCGCCCATGCAGGAACTGTTACACATGTAGTTGTAGT 
GGATGGTGGTACAGTCAGAGCCAACCTAGGAGATAACACAG 
GCCCAAGATGAGGCCAGTGCGCCTTGGGGAGACCTGTG 



AGGTTGGCTCTGACTGT 



ACAGTCAGAGCCAACCT 



285 



286 



287 



288 



289 



290 



291 



292 



cCAC-MC 

His-233toAsn 

Glioma 



GCACTGGCCTCATC7TGGGCCTGTGTTATCTCCTAGGTTGGC 
TCTGACTGT ACCACCATCCACT ACAACT ACATGTGTAACAGTT 
CCTGCATGGGCGGCATGAACCGGAGGCCCATCCTCA 



TGAGGATGGGCCTCCGGTTCATGCCGCCCATGCAGGAACTG 
TTACACATGTAGTTGTAGTGGATGGTGGTACAGTCAGAGCCA 
ACCTAGGAGATAACACAGGCCCAAGATGAGGCCAGTGC 



CCACCATCCACTACAAC 



cAAC-GAC 
Asn-235 to Asp 
Adrenocortical 
carcinoma 



GCCTCATCTTGGGCCTGTGTTATCTCCTAGGTTGGCTCTGAC 

TGTACCACCATCCACTACAACTACATGTGTAACAGTTCCTGCA 

TGGGCGGCATGAACCGGAGGCCCATCCTCACCATCA 



TGATGGTGAGGATGGGCCTCCGGTTCATGCCGCCCATGCAG 
GAACTGTTACACATGTAGTTGTAGTGGATGGTGGTACAGTCA 
GAGCCAACCTAGGAGATAACACAGGCCCAAGATGAGGC 



TCCACTACAACTACATG 



CATGTAGTTGTAGTGGA 



293 



294 



295 



296 



297 



298 



299 



300 



AAC-AGC 
Asn-235 to Ser 
Rhabdomyosarcoma 



CCTCATCTTGGGCCTGTGTTATCTCCTAGGTTGGCTCTGACT 

GTACCACCATCCACTACAACTACATGTGTAACAGTTCCTGCAT 

GGGCGGCATGAACCGGAGGCCCATCCTCACCATCAT 



301 
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ATCc-ATG 
lle-251 to Met 
Glioma 



ACA-ATA 
Thr-256 to He 
Glioblastoma 



CTG-CAG 
Leu-257 to Gin 
Li-Fraumeni syndrome 



CTG-CCG 
Leu-265 to Pro 
Li-Fraumeni syndrome 



>: :■ 



ATGATGGTGAGGATGGGCCTCCGGTTCATGCCGCCCATGCA 

GGAACTGTTACACATGTAGTTGTAGTGGATGGTGGTACAGTC 
AGAGCCMCCTAGGAGA TAACACAGGCCCAAGATftAftft 

CCACTACAACTACATGT 
ACATGTAGTTGTAGTGG 

CATCCACTACAACTACATGTGTAACAGTTCCTGCATGGGCGG 
CATGAACCGGAGGCCCATCCTCACCATCATCACACTGGAAGA 
CTCCAGGTCA6GAGCCACTTGCCACCCTGCACACTGG 

CCAGTGTGCAGGGTGGCAAGTGGCTCCTGACCTGGAGTCTT 

CCAGTGTGATGATGGTGAGGATGGGCCTCCGGTTCATGCCG 
CCCATGCAGGAACTGTT A CACATGTAGTTGTAGTGflATft 

AGGCCCATCCTCACCAT 
ATGGTGAGGATGGGCCT 

ACATGTGTAACAGTTCCTGCATGGGCGGCATGAACCGGAGG 
CCCATCCTCACCATCATCACACTGGAAGACTCCAGGTCAGGA 
GCCACTTGCCACCCTGCACACTGGCCTGCTGTGCCCCA 

TGGGGCACAGCAGGCCAGTGTGCAGGGTGGCAAGTGGCTCC 

TGACCTGGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCT 
CCGGTTCATGCCGCCCA TGCAGGAACTGTTACACATfiT 

CATCATCACACTGGAAG 
CTTCCAGTGTGATGATG 

TGTGTAACAGTTCCTGCATGGGCGGCATGAACCGGAGGCCC 
ATCCTCACCATCATCACACTGGAAGACTCCAGGTCAGGAGCC 
ACTTGCCACCCTGCACACTGGCCTGCTGTGCCCCAGCC 

GGCTGGGGCACAGCAGGCCAGTGTGCAGGGTGGCAAGTGG 

CTCCTGACCTGGAGTCTTCCAGTGTGATGATGGTGAGGATGG 
GCCTCCGGTTCATGCCG CCCATGCAGGAACTGTTAnAnA 

CATCACACTGGAAGACT 
AGTCTTCCAGTGTGATG 

GACCTGATTTCCTTACTGCCTCTTGGTTCTCTTTTCCTATCCT 

GAGTAGTGGTAATCTACTGGGACGGAACAGCTTTGAGGTGCG 
TGTTTGTGCCTGTCCTGGGAGAGACCGGCGCACAGA 

TCTGTGCGCCGGTCTCTCCCAGGACAGGCACAAACACGCAC 

CTCAAAGCTGTTCCGTCCCAGTAGA7TACCACTACTCAGGAT 
AGGAAAAGAGAAGCAAGAGGCAGTAAGGAAATCAGfiTn 



302 



306 



310 



313 



314 



317 



318 
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iHHil 




TAATCTACTGGGACGGA 

• 


319 


TCCGTCCCAGTAGATTA 


320 


gCGT-TGT 
Arg-273 to Cys 
U-Fraumeni syndrome 


TGCTTCTCTTTTCCTATCCTGAGTAGTGGTAATCTACTGGGAC 

GGAACAGCTTTGAGGTGCGTGTTTGTGCCTGTCCTGGGAGA 

GACCGGCGCACAGAGGAAGAGAATCTCCGCAAGAAAG 


321 

■ 

• 


rTTTCTTGCGGAGATTCTCTTCCTCTGTGCGCCGGTCTCTCC 

\j III w | | vjuuvnun 1 1 W Ivl 1 WW 1 W 1 W 1 UVUwvvU 1 W 1 W 1 WW 

CAGGACAGGCACAAACACGCACCTCAAAGCTGTTCCGTCCCA 
GTAGATTACCACTACTCAGGATAGGAAAAGAGAAGCA 


322 


TTGAGGTGCGTGTTTGT 


323 


ACAAACACGCACCTCAA 


324 


T6T-TAT 
Cys-275 to Tyr 
Li-Fraumeni syndrome 


CTTTTCCTATCCTGAGTAGTGGTAATCTACTGGGACGGAACA 
GCTnrGAGGTGCGTGTTTGTGCCTGTCCTGGGAGAGACCGG 
CGCACAGAGGAAGAGAATCTCCGCAAGAAAGGGGAGCC 


325 


r5GrTrrrrTTTrTTGrGGAGATTCTCTTCCTCTGTGCGCCGG 

uu w 1 ww ww It Ivl 1 uwuUnun 1 1 w 1 W 1 1 WW IVlVJI W www Www 

TCTCTCCCAGGACAGGCACAAACACGCACCTCAAAGCTGTTC 
CGTCCCAGTAGATTACCACTACTCAGGATAGGAAMG 


326 


GCGTGTTTGTGCCTGTC 

1 III I \J WW 1 1 W 


327 


GACAGGCACAAACACGC 


328 


CCT-CTT 
Pro-278 to Leu 
Breast cancer 

* 


TCCTGAGTAGTGGTAATCTACTGGGACGGAACAGCTTTGAGG 
TGCGTGTTTGTGCCTGTCCTGGGAGAGACCGGCGCACAGAG 
GAAGAGAATCTCCGCAAGAAAGGGGAGCCTCACCACGA 


329 


1 ww I ww 1 UMOww 1 www w 1 1 1 w 1 1 OvuOnOA 1 1 w 1 w 1 1 ww 1 w 1 

GTGCGCCGGTCTCTCCCAGGACAGGCACAAACACGCACCTC 
AAAGCTGTTCCGTCCCAGTAGATTACCACTACTCAGGA 


330 

WWW 


TGCCTGTCCTGGGAGAG 

I %pP* ^pF ^pF V ^pf 9 WW ■ ^p** ^p*' W» * P ^pw 


331 


CTCTCCCAGGACAGGCA 


332 


AGA-AAA 
Arg-280 to Lys 
Glioma 


GTAGTGGTAATCTACTGGGACGGAACAGCTTTGAGGTGCGTG 
TTTGTGCCTGTCCTGGGAGAGACCGGCGCACAGAGGAAGAG 
AATCTCCGCAAGAAAGGGGAGCCTCACCACGAGCTGCC 


333 


GGCAGCTCGTGGTGAGGCTCCCCT7TCTTGCGGAGATTCTCT 

TCCTCTGTGCGCCGGTCTCTCCCAGGACAGGCACAAACACG 

CACCTCAAAGCTGTTCCGTCCCAGTAGATTACCACTAC 


334 

^p* ^p* 


TCCTGGGAGAGACCGGC 


335 


GCCGGTCTCTCCCAGGA 


336 
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J.SJ 



Mutation 



GAA-GCA 
Glu-286 to Ala 
Adrenocortical 
carcinoma 




CGA-CCA 
Arg-306 to Pro 
Rhabdomyosarcoma 



gCGA-TGA 
Arg-306 to Term 
Li-Fraumeni syndrome 



gCGC-TGC 
Arg-337 to Cys 
Osteosarcoma 



CTG-CCG 
Leu-344 to Pro 
U-Fraumeni syndrome 



GGAACAGCTTTGAGGTGCGTGTTTGTGCCTGTCCTGGGAGA 

GACCGGCGCACAGAGGMGAGMTCTCCGCAAGAAAGGGGA 
GCCTCACCACGAGCTGCCCCCAGGGAGCACTAAGCGAGG 

CCTCGCTTAGTGCTCCCTGGGGGCAGCTCGTGGTGAGGCTC 

CCCTTTCTTGCGGAGATTCTCTTCCTCTGTGCGCCGGTCTCT 
CCCAGGACAGGCACAAA CACGCACCTCAAAGCTGTTnn 

AGAGGAAGAGAATCTCC 
GGAGATTCTCTTCCTCT 



mm 



ID 



AAGAGAATCTCCGCAAGAAAGGGGAGCCTCACCACGAGCTG 
CCCCCAGGGAGCACTAAGCGAGGTAAGCAAGCAGGACAAGA 
AGCGGTGGAGGAGACCAAGGGTGCAGTTATGCCTCAGA T 

ATCTGAGGCATAACTGCACCCTTGGTCTCCTCCACCGCTTCT 
TGTCCTGCTTGCTTACCTCGCTT AGTGCTCCCTGGGGGCAGC 
TCGTGGTGAGGCTCCCC TTTCTTGCGGAGATTCTCTT 

CACTAAGCGAGGTAAGC 
GCTTACCTCGCTTAGTG 



GAAGAGAATCTCCGCAAGAAAGGGGAGCCTCACCACGAGCT 
GCCCCCAGGGAGCACTAAGCGAGGTAAGCAAGCAGGACAAG 
AAGCGGTGGAGGAGACCMGGGTGCAGTTATGCCTCAG A 

TCTGAGGCATAACTGCACCCTTGGTCTCCTCCACCGCTTCTT 

GTCCTGCTTGCTTACCTCGCTTAGTGCTCCCTGGGGGCAGCT 
CGTGGTGAGGCTCCCCTT TCTTGCGGAGATTCTCTTn 

GCACTAAGCGAGGT AAG 
CTTACCTCGCTTAGTGC 

GGTACTGTGAATATACTTACTTCTCCCCCTCCTCTGTTGCTGC 
AGATCCGTGGGCGTGAGCGCTTCGAGATGTTCCGAGAGCTG 
AATGAGGCCTTGGAACTCAAGGATGCCCAGGCTGG GA 

TCCCAGCCTGGGCATCCTTGAGTTCCAAGGCCTCATTCAGCT 

CTCGGAACATCTCGAAGCG.CTCACGCCCACGGATCTGCAGC 
AACAGAGGAGGGGGAGAA GTAAGTATATTCACAGTAnn 

GGCGTGAGCGCTTCGAG 
CTCGAAGCGCTCACGCC 



CTCCCCCTCCTCTGTTGCTGCAGATCCGTGGGCGTGAGCGC 

TTCGAGATGTTCCGAGAGCTGAATGAGGCCTTGGAACTCAAG 
GATGCCCAGGCTGGGAAGGAGCCAGGGfiftftAr^^^r 



337 



338 



339 
340 



341 



342 



343 

w T 1 



345 



346 



347 
348 
349 



350 



3« 
352 



353 
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SEQID 


« 


GCCCTGCTCCCCCCTGGCTCCTTCCCA6CCTGGGCATCCTT 

GAG7TCCAAGGCCTCATTCAGCTCTCGGAACATCTCGAAGCG 

CTCACGCCCACGGATCTGCAGCAACAGAGGAGGGGGAG 


354 


CCGAGAGCIGAATGAGG 


355 


CCTCATTCAGCTCTCGG 


356 



EXAMPLE 6 
beta glgbjn 

Hemoglobin, the major protein in the red blood cell, binds oxygen reversibly and is 
responsible for the cells 1 capacity to transport oxygen to the tissues. In adults, the major hemoglobin is 
hemoglobin A, a tetrameric protein consisting of two identical alpha globin chains and two beta globin 
chains. Disorders involving hemoglobin are among the most common genetic disorders worldwide, with 
approximately 5% of the world's population being carriers for clinically important hemoglobin mutations. 
Approximately 300,000 severely affected homozygotes or compound heterozygotes are bom each year. 

Mutation of the glutamic acid at position 7 in beta globin to valine causes sickle cell 
anemia, the clinical manifestations of which are well known. Mutations that cause absence of beta chain 
cause beta-zero-thalassemia. Reduced amounts of detectable beta globin causes beta-plus-thalassemia. 
For clinical purposes, beta-thalassemia is divided into thalassemia major (transfusion dependent), 
thalassemia intermedia (of intermediate severity), and thalassemia minor (asymptomatic). Patients with 
thalassemia major present in the first year of life with severe anemia; they are unable to maintain a 
hemoglobin level about 5 gm/dl. 

The beta-thalassemias were among the first human genetic diseases to be examined by 
means of recombinant DNA analysis. Baysal et al., Hemoglobin 1 9(3-4):21 3-36 (1 995) and others 
provide a compendium of mutations that result in beta-thalassemia 

Hemoglobin disorders were among the first to be considered for gene therapy. 
Transcriptional silencing of genes transferred into hematopoietic stem cells, however, poses one of the 
most significant challenges to its success. If the transferred gene is not completely silenced, a 
progressive decline in gene expression is often observed. Position effect variegation (PEV) and silencing 
mechanisms may act on a transferred globin gene residing in chromatin outside of the normal globin 
locus during the important terminal phases of erythroblast development when globin transcripts normally 
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accumulale rapidly despite hetenochromatizafion and shutdown of the rest of the genome. The attached 
table discloses the correcting oligonucleotide base sequences for the beta gtobin oligonucleotides of the 
invention. 



pniiiiniii 

Sickle Cell Anemia 
GLU-7-VAL 
GAG to GTG 



Thalassaemia Beta 

MET-O-ARG 

ATGtoAGG 



Thalassaemia Beta 

MET-O-ILE 

ATGtoATA 



Thalassaemia Beta 
MET-O-ILE 
ATG to ATT 



TCTGACACAACTGTGTTCACTAGCAACCTCAAACAGACACCA 
TGGTGCACCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCC 
CTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGA 



TCACCACCAACTTCATCCACGTTCACCTTGCCCCACAGGGCA 

GTAACGGCAGACTTCTCCTCAGGAGTCAGGTGCACCATGGT 

GTCTGTTTGAGGTTGCTA GTGAACACAGTTGTGTCAGA 

GACTCCTGAGGAGAAGT 
ACTTCTCCTCAGGAGTC 



CTATTGCTTACATTTGCTTCTGACACAACTGTGTTCACTAGCA 

ACCTCAAACAGACACCATGGTGCACCTGACTCCTGAGGAGA 
AGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACG T 

ACGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACTTCTC 
CTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGAGGTTGCT 
AGTGAACACAGTTGTGTC AGAAGCAAATGTAAGCAATAG 

AGACACCATGGTGCACC 
GGTGCACCATGGTGTCT 



TATTGCTTACATTTGCTTCTGACACAACTGTGTTCACTAGCAA 
CCTCAAACAGACACCATGGTGCACCTGACTCCTGAGGAGAA 
GTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTG 

CACGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACTTCT 
CCTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGAGGTTGC 
TAGTGAACACAGTTGTGT CAGAAGCAAATGTAAGCAATA 

GACACCATGGTGCACCT 
AGGTGCACCATGGT GTC 

TATTGCTTACATTTGCTTCTGACACAACTGTGTTCACTAGCAA 
CCTCAMCAGACACCATGGTGCACCTGACTCCTGAGGAGAA 
GTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTG 



tew 



357 



358 



362 



366 
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■HI 




CACGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACTTCT 
CCTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGAGGTTGC 
TAGTGAACACAGTTGTGTCAGAAGCAAATGTAAGCAATA 


370 


GACACCATGGTGCACCT 


371 


AGGTGCACCATGGTGTC 


372 


Thalassaemia Beta 
MET-O-LYS 
AT6 to AA6 

• 


CTATTGCnTACATTTGCTTCTGACACAACTGTGTTCACTAGCA 
ACCTCAAACAGACACCATGGTGCACCTGACTCCTGAGGAGA 
AGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGT 


373 


ACGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACTTCTC 
CTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGAGGTTGCT 
AGTGAACACAGTTGTGTCAGAAGCAAATGTAAGCAATAG 

• 


374 


AGACACCATGGTGCACC 


375 


GGTGCACCATGGTGTCT 


376 


Thalassaemia Beta 

MET-O-THR 

ATGtoACG 


CTATTGCTTACATTTGCTTCTGACACAACTGTGTTCACTAGCA 
ACCTCAAACAGACACCATGGTGCACCTGACTCCTGAGGAGA 
AGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGT 


377 


AnffTTrAnnTTGrPnCACAf^ 

CTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGAGGTTGCT 
AGTGAACACAGTTGTGTCAGAAGCAAATGTAAGCAATAG 


378 


AGACACCATGGTGCACC 


379 

■ •IP' 


GGTGCACCATGGTGTCT 


380 


Thalassaemia Beta 
MET-O-VAL 
ATG to GTG 

• 


TCTATTGCTTACATTTGCTTCTGACACAACTGTGTTCACTAGC 
AACCTCAAACAGACACCATGGTGCACCTGACTCCTGAGGAG 
AAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACG 


381 


CGTTCACCTTGCCCCACAGGGCAGTMCGGCAGACTTCTCC 

TCAGGAGTCAGGTGCACCATGGTGTCTGTTTGAGGTTGCTAG 

TGAACACAGTTGTGTCAGMGCAAATGTAAGCAATAGA 


382 


CAGACACCATGGTGCAC 


383 


GTGCACCAIGGTGTCTG 


384 


Thalassaemia Beta 

TRP-16-Temi 

TGGtoTGA 


TCAAACAGACACCATGGTGCACCTGACTCCTGAGGAGAAGT 

CTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGAA 

GTTGGTGGTGAGGCCCTGGGCAGGTTGGTATCAAGGTTA 


385 


TAACCTTGATACCAACCTGCCCAGGGCCTCACCACCAACTTC 
ATCCACGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACT 
TCTCCTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGA 


386 
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Thalassemia Beta 
TRP-16-Term 
TGG to TAG 



Thaiassaemia Beta 
LYS-18-Term 
AAG to TAG 



Thaiassaemia Beta 

ASN-20-SER 

AACtoAGC 



Thaiassaemia Beta 

GLU-23-ALA 

GAAtoGCA 



GCCCTGTGGGGCAAG 6T 
ACCTTGCCCCACAGGfifc 

S?™5^ CACCATGGTGCACCTG ACTCCTGAGGAGAAG 
ISSSSJ ACT GCCCTGTGGGGCMGGTGAACGTGGATGA 
AGTTGGTGGTGAGGCCCTGGGCAGGTTGGTATCAAGGTT 

^^^ MCCTGCCCAGGGCCTCA CCACCMCTTCA 

CTCCTCAGGAGTCAGGTGCA CCATGGTGTfrrfiTTTCA^ 
TGCCCTGTGGGGCMGG 
CCTTGCCCCACAGGGCA 



vwj 

Wi 



ACAGACACCATGGTGCACCTGACTCCTGAGGAGAAGTCTGC 
C^ACTGCCCTGTGGGGCAAGGTGAACGTGGATGMGnG 
GTGGTGAGGCCCTGGGCAGGTTGGTATCAAGGTTACAAG 

^y AA H CTTGATACCAACCTGCCCAGGG CCTCACCACCAA 

CTTCATCCACGTTCACCTTGCCCCACAGGGCAGTAACGGCA 
GACTTCTCCTCAGGAGTC AGGTGCACCATGQTfiTrTCT 

TGTGGGGCAAGGTGAAC 
GTTCACCTTGCCCCACA 



CCATGGTGCACCTGACTCCTGAGGAGAAGTCTGCCGTTACT 

GCCCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGA 
GGCCCTGGGCi^GTTGGTATCMGGTTACAAGACAGGTT 



AACCTGTCTTGTAACCTTGATACCAACCTGCCCAGGGCCTCA 

ACGGCAGACTTCTCCTCA GGAGTCAGGTGCA^AT^ 
CAAGGTGAACGTGGATG 
CATCCACGTTCACCTTG 



387 



ACCTGACTCCTGAGGAGMGTCTGCCGTTACTGCCCTGTGG 
GGCAAGGTGAACGTGGATGAAGTT GGTGGTGAGGCCCTGG 
GCAGGTTGGTATCAAGGTTACAAGACAGGTTTAAfiGAfiAr 



G SI CCKAAACCTGTOTGTAAC CTTGATACCMCCTGCCC 

A ™H CACCACCAAC ^ CATCCACGT TCACCnGCCCCAC 

AGGGCAGTAACGG^GACTTCTCCTCAGGAGTCAGGT 



CGTGGATGAAGTTGGTG 
CACCAACTTCATCCACG 



390 



393 



394 



397 



398 



401 



402 
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Thalassaemia Beta 

GLU-23-term 

GAAtoTAA 


CACCTGACTCCTGAGGAGAAGTCTGCCGtTACTGCCCTGTG 
GGGCMGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTG 
GGCAGGTTGGTATCAAGGTTACAAGACAGGTTTAAGGAGA 

^pP" pppr** • ^pP* • W ^p^ ^pF ■ • • • *4pr* ™ » ^pp^ ^P^ • ■ p P ^iPP r ■ W ■ ^■P'P' pj ^pr m p ^p*' P w m w w ^ ^pp- ■ ■ ^pprp> * 


405 




TrTPrTTAAArrTfiTrTTfiTAArPTTGATACCMnCTGCCrA 

GGGCCTCACCACCAACTTCATCCACGTTCACCTTGCCCCACA 
GGGCAGTAACGGCAGACTTCTCCTCAGGAGTCAGGTG 


406 




ACGTGGATGAAGTTGGT 


407 

■ ^p' * 




ACCAACTTCATCCACGT 


408 


Thalassaemia Beta 

GLU-27-LYS 

GAGtoAAG 


GAGGAGAAGACTGCTGTCAATGCCCTGTGGGGCAAAGTGAA 
CGTGGATGCAGTTGGTGGTGAGGCCCTGGGCAGGTTGGTAT 
CAAGGTTATAAGAGAGGCTCAAGGAGGCAAATGGAAACT 


409 




A/rrn PPATTTftPPTPPTTCAfy CTCTCTTATAACCTTGATAC 

MO III wUA 1 1 1 www 1 w w 1 1 OA ww w 1 w 1 w 1 1 A 1 AAww 1 1 W 1 r\\s 

CAACCTGCCCAGGGCCTCACCACCAACTGCATCCACGTTCA 
CTTTGCCCCACAGGGCATTGACAGCAGTCTTCTCCTC 


410 




TTGGTGGTGAGGCCCTG 


411 




CAGGGCCTCACCACCAA 


412 


Thalassaemia Beta 
GLU-27-Term 
GAG to TAG 

*- 


GAGGAGAAGACTGCTGTCAATGCCCTGTGGGGCAAAGTGAA 
CGTGGATGCAGTTGGTGGTGAGGCCCTGGGCAGGTTGGTAT 
CAAGGTTATAAGAGAGGCTCAAGGAGGCAAATGGAAACT 


413 


* 

• 


APTI 1 PPATTTfy PTPPTTftAfcPPTPTPTTATAAPPTTflATAP 

Mw I i I Uwn 1 1 1 www I ww 1 1 OAOww l w 1 w 1 1 A l mvU 1 1 wA 1 Aw 

CAACCTGCCCAGGGCCTCACCACCAACTGCATCCACGTTCA 
CI 1 IGCCCCACAGGGCATTGACAGCAGTCTTCTCCTC 


414 




TTGGTGGTGAGGCCCTG 


415 




CAGGGCCTCACCACCAA 


416 


Thalassaemia Beta 
ALA-28-SER 
GCC to TCC 


GAGAAGACTGCTGTCAATGCCCTGTGGGGCAAAGTGAACGT 
GGATGCAGTTGGTGGTGAGGCCCTGGGCAGGTTGGTATCAA 
GGTTATAAGAGAGGCTCAAGGAGGCAAATGGAAACTGGG 

^p# %p# 1 ■ 0 m I m W 1 vf T*%p#* •^••^pfl'^pr ■ W i\#>>#f * ^pF ^p»* w v# * f ^p*^p»"» w w » • ^p»'^pwwppp' 


417 




CCCAGTTTCCATTTGCCTCCTTGAGCCTCTCTTATAACCTTGA 

TACCAACCTGCCCAGGGCCTCACCACCAACTGCATCCACGT 

TCACTTTGCCCCACAGGGCATTGACAGCAGTCTTCTC 


418 




GTGGTGAGGCCCTGGGC 


419 




GCCCAGGGCCTCACCAC 


420 
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Thalassaemia Beta 
ARG-31-THR 
A6G to AC6 



Thalassaemia Beta 

Leu-33-GLN 

CTGtoCAG 



Thalassaemia Beta 
TYR-36-Term 

TACtoTAA 



Thalassaemia Beta 
TRP-38-Term 
TGG to TGA 



Thalassaemia Beta 
TRP-38-Term 
TGG to TAG 




CTGTCAATGCCCTGTGGGGCAAAGTGAACGTGGATGCAGTT 
GGTGGTGAGGCCCTGGGCAGGTTGGTATCAAGGTTATAAGA 
GAGGCTCMGGAGGCAAATGGAAACTGGGCATGTG TAGA 

TCTACACATGCCCAGTTTCCATTTGCCTCCTTGAGCCTCTCTT 

CATCCACGTTCACTTTGC CCCACAGGGCATTfiArAC 
CCTGGGCAGGTTGGTAT 

AJACCAACCTGCCCAGG 



ID 



m 



TGGGTTTCTGATAGGCACTGACTCTCTGTCCCTTGGGCTGTT 

TTCCTACCCTCAGATTACTGGTGGTCTACCCTTGGACCCAGA 
GGTTCTJTGACTCCTTTGGGGATCTGTCCTCTCCTGA 



TCAGGAGAGGACAGATCCCCAAAGGACTCAAAGAACCTCTG 

GGTCCMGGGTAGACCACCAGTAATCTGAGGGTAGGAAAAC 
AGCCCAAGGGACAGAGA GTCAGTGCCTATCAfiAAArrrA 

CAGATTACTGGTGGTC T 
AGACCACCAGTAATCTG 



iI^ ACTGACTCTCTGTCCCnGG ^GTTTTCCTACCCT 

S?i™ CTGGTGGTCTA e c CTTGGACCCAGAGGTTCTrTGA 
GTCCTTTGGGGATCTGTCCTCTCCTGATGCTfiTTATr, 



CATMCAGCATCAGGAGAGGACAGATCCCCAAAGGACTCAAA 

GAACCTCTGGGTCCAAGGGTAGACCACCAGTAATCTGAGGG 
TAGGAAAACAGC C CAAGG GACAGAGAGT CACTfirnT at 

GTGGTCTACCCTTGGAC 



GTCCAAGGGTAGACCAC 



A S™ CTCTCTGTCCCTOGGCTGTnT CCTACCCTCAGATT 
^I G 5 TGGTCTACCCnG ^ ACCCAGA 2G^CmGAGTCCTT 
TGGGGATCTGTCCTCTCCTGATGCTGTTATGGGCAAC 

GJTGCCCATAACAGCATCAGGAGAGGACAGATCCCCAAAGG 

ACTCAAAGAACCTCTGGGTeCAAGGGTAGACCACCAGTAATC 
IG^GTAGGAAAACAGCCCAAGGGACAGAGAGTCAGT 

TACCCTTGGACCCAGAG 
CTCTGGGTCCAAGGGTA 



? A ^SI CTCTGTCCOTGGGCTG1 ^CCTACCCTCAGAT 

TACTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCT 
TTGGGGATCTGTCCTCTCCTGATGCTfiTTATr^AA 



421 



422 



426 



430 



433 



434 
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isiiiDi 

^&(\$&$. 




TTGCCCATAACAGCATCAGGAGAGGACAGATCCCCAAAGGA 

CTCAAAGAACCTCTGGGTCCAAGGGTAGACCACCAGTAATCT 

GAGGGTAGGAAAACAGCCCAAGGGACAGAGAGTCAGTG 


438 




CTACCCTTGGACCCAGA 


Jl OA 

439 




TCTGGGTCCAAGGGT AG 


440 


THalaecaamio Rots 
1 ndlobdacilud Do la 

GLN-40-Term 
CAG-TAG 


ACTCTCTCTCCCTrGGGCTGTTTTCCTACCCTCAGATTACTG 

GTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGGG 

GATCTGTCCTCTCCTGATGCTGTTATGGGCAACCCTA 


441 

■ W m 


• 


TAGGGTTGCCCATAACAGCATCAGGAGAGGACAGATCCCCA 
AAGGACTCAAAGAACCTCTGGGTCCAAGGGTAGACCACCAG 
TAATCTGAGGGT AGGAAAACAGCCCAAGGGACAGAGAGT 


442 




CTTGGACCCAGAGGTTC 


443 




GAACCTCTGGGTCCAAG 


ill 


Tholoccoonnio Dots 

GLU-44-Term 
GAG to TAG 


TTGGGCTGTTTTCCTACCCTCAGATTACTGGTGGTCTACCCT 
TGGACCCAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCTCT 
CCTGATGCTGTTATGGGCAACCCTAAGGTGAAGGCTC 

• 


445 




GAGCCTTCACCTTAGGGTTGCCCATAACAGCATCAGGAGAG 
GACAGATCCCCAAAGGACTCAAAGAACCTCTGGGTCCAAGG 
GTAGACCACCAGTAATCTGAGGGTAGGAAAACAGCCCAA 


446 




GGTTCTTTGAGTCCTTT 


A A"T 

447 




AAAGGACTCAAAGAACC 


448 


1 NaJdoodcl Nid DcLd 

LYS-62-Temi 
AAG to TAG 


TTrrrTTGAGTCCTTTGGGGATCTGTCCTCTCCTGATGCTGTTA 
TGGGCAACCCT AAGGTGAAGGCTCATGGCAAGMGGTGCTA 
GGTGCCTTTAGTGATGGCCTGGCTCACCTGGACAACC 


449 




GGTTGTCCAGGTGAGCCAGGCCATCACTAAAGGCAUL 1 AvsU 
ACCTTCTTGCCATGAGCCTTCACCTTAGGGTTGCCCATAACA 
GCATCAGGAGAGGACAGATCCCCAAAGGACTCAAaGAA 


Add 




ctaaggtgaaggctcat 


451 




ATGAGCCTTCACCTTAG 


452 


Thalassemia Beta 

SER-73-ARG 
AGTtoAGA 


TGCTGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAAGA 
AGGTGCTAGGTGCCTTTAGTGATGGCCTGGCTCACCTGGAC 
AACCTCAAGGGCACTTTTTCTCAGCTGAGTGAGCTGCAC 


453 

• 

■ 




GTGCAGCTCACTCAGCTGAGAAAAAGTGCCCTTGAGGTTGTC 

CAGGTGAGCCAGGCCATCACTAAAGGCACCTAGCACCTTCT 

TGCCATGAGCCTTCACCTTAGGGTTGCCCATAACAGCA 


454 



( 
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-70- 
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c 
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. .'.VAV. 1 ,*. w , , . 

v if >2w 



iligi^lt 



GCCTTTAGTGATGGCCT 
AGGCCATCACTAAAGGC 



Haemolyt'c Anaemia 

GLY-75-VAL 

GGCtoGTC 



Thalassaemia Beta 
GLU-91-Term 
GAG to TAG 



Thalassaemia Beta 

VAL-99-MET 

GTGtoATG 



Thalassaemia Beta 

LEU-111-PRO 

CTG-CCG 



TTATGGGCAACCCTAAGGTGMGGCTCATGGCMGAAGGTG 
CTAGGTGCC TTTAG TGATGGCCTGGCTCACCTGGACAACCT 
CMGGGCACTTTTTCTCAGCTGAGTGAGCTGCACTGTGA 

TCACAGTGCAGCTCACTCAGCTGAGAAAAAGTGCCCTTGAG 

GTTGTCCAGGTGAGCCAGGCCATCACTAAAGGCACCTAGCA 
CCTTCTTGCCATGAGCCT TCACCTTAGGGTTGCCCATAA 

TAGTGATGGCCTGGCTC 
GAGCCAGGCCATCACTA 



GCCTTTAGTGATGGCCTGGCTCACCTGGACAACCTCAAGGG 
CACCTTTGCCACACTGAGTGAGCTGCACTGTGACAAGCTGC 
ACGTGGATCCTGAGAACTTCAGGGTGAGTCTATGGGACC 

GGTCCCATAGACTCACCCTGAAGTTCTCAGGATCCACGTGCA 

GCTTGTCACAGTGCAGCTCACTCAGTGTGGCAAAGGTGCCC 
TTGAGGTTGTCCAGGTGA GCCAGGCCATCACTAAAGGO 

CACTGAGTGAGCTGCAC 
GTGCAGCTCACTCAGTG 

CTGGACAACCT CMGGGCACTTTTTCTCAGCTGAGTGAGCTG 
CACTGTGACAAGCTGCACGTGGATCCTGAGAACTTCAGGGT 
GAGTCC AGGAGATGCTTC ACTTTT CTCTTTTTACTTTC 

GAAAGTAAAAAGAGAAAAGTGAAGCATCTCCTGGACTCACCC 

TGAAGTTCTCAGGATCCA£GTGCAGCTTGTCACAGTGCAGCT 
CACTCAGCTGAGAAAAAG TGCCCTTGAGGTTGTCCAG 

AGCTGCACGTGGATCCT 
AGGATCCACGTGCAGCT 

CCCTTTTGCTAATCATGTTCATACCTCTTATCTTCCTCCCACA 
GCTCCTGGGCAACGTGCIGGTCTGTGTGCTGGCCCATCACT 
TTGGCAAAGMTTCACCCCACCAGTGCAGGCTGCCTA 

TAGGCAGCCTGCACTGGTGGGGTGAATTCTTTGCCAAAGTG 
ATGGGCCAGCACACAGACCAGCACGTTGCCCAGGAGCTGTG 
GGAGGAAGATAAGAGGTATGAACATGATTAGCAAAAGGG 



CAACGTGCTGGTCTGTG 
CACAGACCAGCACGTTG 



455 
456 
457 



458 



459 
460 
461 



462 



463 
464 
465 



466 



467 
468 
469 



470 



471 
472 



( 
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i naiassaemia oeia 

CYS-113-Term 
TGTtoTGA 


r^rTAATrATrrrrPATAnnTCTTATCTTCCTCCCACAGCTCCTG 

WW 1 rV\ 1 wA IVJI I wrt 1 nWV Iwl InlUI 1 1 wwwAUnuw 1 WW 1 w 

GGCAACGTGCTGGTCTGIGTGCTGGCCCATCACTTTGGCAA 
AGAATTCACCCCACCAGTGCAGGCTGCCTATCAGAAA 


473 




TTTCTGATAGGCAGCCTGCACTGGTGGGGTGAATTCTTTGCC 
AAAGTGATGGGCCAGCACACAGACCAGCACGTTGCCCAGGA 
GCTGTGGGAGGAAGATAAGAGGTATGAACATGATTAGC 


ill 

474 




CTGGTCTGTGTGCTGGC 


A AW 

475 




GCCAGCACACAGACCAG 


476 


i naidssaemia Deia 
LEU-115-PR0 
CTG to CCG 


1 \sr\ (Oil w" 1 Aw 1 vl IAI vl 1 WW I w W wAwAwv 1 WW 1 \3U\3wn 

ACGTGCTGGTCTGTGTGCIGGCCCATCACTTTGGCAAAGAAT 
TCACCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGT 


477 


• 


A AM. ^A. A A^PVB^P A AS A ^Av A A*^ A*^^^^^A**A A ^%^^A*^ ^^^^ A A ^^^P^^^^ 

ACCACTTTCTGATAGGCAGCCTGCACTGGTGGGGTGAATTCT 

TTGCCAAAGTGATGGGCCAGCACACAGACCAGCACGTTGCC 

CAGGAGCTGTGGGAGGAAGATAAGAGGTATGAACATGA 


A TO 

478 




CTGTGTGCIGGCCCATC 


A AM Jfe 

479 




GATGGGCCAGCACACAG 


480 


i naiassaemia Beta 

ALA-116-ASP 

GCCtoGAC 


TfiTTPATA^PTnTATrTTPPTrPPAPAfjrTrPTfiftRrAArR 

TGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTCA 
CCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGTGGC 


481 




GCCACCACTTTCTGATAGGCAGCCTGCACTGGTGGGGTGAA 

TTCTTTGCCAAAGTGATGGGCCAGCACACAGACCAGCACGTT 

GCCCAGGAGCTGTGGGAGGAAGATAAGAGGTATGAACA 


482 




TGTGCTGGC_CCATCACT 


483 




AGTGATGGGCCAGCACA 


484 


• 

"Tholoeeoomio Roto 

GLU-122-Term 
GAAtoTAA . 


TTrrTrPrArAf?rTrrTRftRTAAfif5TGCTGf5TCTCTGTGCT 

1 | WW I vwwnwAw 1 WW 1 wUvVAAv/v 1 WW 1 ww 1 vlvlvl WW 1 

GGCCCATCACTTTGGCAMGAATTCACCCCACCAGTGCAGG 
CTGCCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCC 


485 




GGGCATTAGCCACACCAGCCACCACTTTCTGATAGGCAGCC 
TGCACTGGTGGGGTGAATTCTTTGCCAAAGTGATGGGCCAG 
CACACAGACCAGCACGTTGCCCAGGAGCTGTGGGAGGAA 


JAM 

486 




TTGGCAAAGAATTCACC 


487 




GGTGAATTCTTTGCCAA 


488 


Thalassaemia Beta 
GLN-128-PRO 
CAG to CCG 


GCAACGTGCTGGTCTGTGTGCTGGCCCATCACnTGGCAAA 
GAATTCACCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGT 
GGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTA 


489 



( 
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-72- 
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Thalassaemia Beta 

GLN-128-Term 

CAGtoTAG 



Thalassaemia Beta 

GLN-132-LYS 

CAGtoAAG 



TAGTGATACTTGTGGGCCAGGGCATTAGCCACACCAGCCAC 
CACTTTCTGATAGGCAGCCTGCACTGGTGGGGTGAATTCTTT 
GCCAAAGTGATGGGCCAG CACACAGACCAGCACGTTGC 

ACCAGTGCAGGCTGCCT 
AGGCAGCCTGCACTGGT 

GGCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAA 

AGMTTCACCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGT 
GGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACT 



AGTGATACTTGTGGGCCAGGGCATTAGCCACACCAGCCACC 
ACTTTCTGATAGGCAGCCTGCACTGGTGGGGTGAATTCTTTG 
CCAAAGTGATGGGCCAGC ACACAGACCAGCACGTTGCC 

CACCAGTGCAGGCTGCC 
GGCAGCCTGCACTGGTG 

GTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTCACCCCA 
CCAGTGCAGGCTGCCTATCAGAAAGTGGTGGCTGGTGTGGC 
TAATGCCCTGGCCCACAAGTATCACTAAGCTCGCTTTC 

GAAAGCGAGCTTAGTGATACTTGTGGGCCAGGGCATTAGCC 
ACACCAGCCACCACTTTCTGATAGGCAGCCTGCACTGGTGG 
GGTGAATTCTTTGCCAM GTGATGGGCCAGCACACAGAC 

CTGCCTATCAGAAAGTG 
CACTTTCTGATAGGCAG 



490 



494 



498 



EXAMPLE 7 

Retinoblastoma 

Retinoblastoma (RB) is an embryonic neoplasm of retinal origin. It almost always 
presents in early childhood and is often bilateral. The risk of osteogenic sarcoma is increased 500-fold in 
bilateral retinoblastoma patients, the bone malignancy being at sites removed from those exposed to 
radiation treatment of the eye tumor. 

The retinoblastoma susceptibility gene (pRB; pRb) plays a pivotal role in the regulation of 
the cell cycle. pRB restrains cell cycle progression by maintaining a checkpoint in late G, that controls 
commitment of cells to enter S phase. The cmcal role that pRB plays in cell cycle regulation explains its 



WO 01/73002 PCT/US01/09761 

-74- 

status as archetypal tumor suppressor loss of pRB function results in an inability to maintain control of 
the G, checkpoint unchecked progression through the cell cycle is, in turn, a hallmark of neoplasia 

Blanquet et a!., Hum. Mo/ec. Genet. 4: 383-388 (1 995) performed a mutation survey of 
the RB1 gene in 232 patients with hereditary or nonhereditajy r retinoblastoma. They systematically 

* 

explored all 27 exons and flanking sequences, as well as the promoter. All types of point mutations were 
represented and found to be unequally distributed along the RB1 gene sequence. In the population 
studied, exons 3, 8, 18, and 19 were preferentially altered. The attached table discloses the correcting 
oligonucleotide base sequences for the retinoblastoma oligonucleotides of the invention. 



Table 13 

dRB Mutations and Genome-Correctina Ofiaos 


SnKH^i^^K 






Retinoblastoma 

Trp99Term 

TGG-TAG 


MTATnGATCTnATTTTTTGTTCCCAGGGAGGTT ATATTCAA 
AAGAAAAAGGAACTGTGGGGAATCTGTATCTTTATTGCAGCA 

GTTGACCTAGATGAGATGTCGTTCACTTTTACTGA 


501 




TCAGTAAAAGTGAACGACATCTCATCTAGGTCAACTGCTGCA 

ATAMGATACAGATTCCCCACAGTTCCTTrTTCTTTTGAATATA 

ACCTCCCTGGGAACAAAAAATAAAGATCAAATATT 


502 




GGAACTGTGGGGAATCT 


503 




AGATTCCCCACAGTTCC 


504 


Retinoblastoma 

Glu137Asp 

GAA-GAT 


ATTTACI II 1 1 1 CTAnCTTTCCTTTGTAGTGTCCATAAATTCTT 

TAACTTACTAAAAGAAATTGATACCAGTACCAAAGTTGATAAT 

GCTATGTCAAGACTGTTGAAGAAGTATGATGTA 


505 




TACATCATACTTCTTCAACAGTCTTGACATAGCATTATCAACTT 
TGGTACTGGTATCMTTTCTTTTAGTAAGTTAAAGAATTTATGG 
ACACTACAAAGGAAAGAATAGAAAAAAGTAAAT 


506 




CTAAAAGAAATTGATAC 


507 




GTATCAATTTCTTTTAG 


508 


Retinoblastoma 
Glu137Term 
J GAA-TAA 


TGATTTAC 1 1 1 1 1 1 CTATTCTTTCCTTTGTAGTGTCCATAAATT 
CTTTAACTTACTAAAAGAAATTGATACCAGTACCAAAGTTGAT 
AATGCTATGTCAAGACTGTTGAAGAAGTATGATG 


509 



r 
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Retinoblastoma 

Gln176Term 

CAA-TAA 



Retinoblastoma 

Ile185Thr 

ATA-ACA 



Retinoblastoma 

Qn207Term 

CAA-TAA 



Retinoblastoma 

Arg251Term 

CGAtoTGA 



m 



CATCATACTTCnCMCAGTCTTGACATAGCATTATCMCTTT 
GGTACTGGT ATCMTTTCTTTTAGTAAGTTAAAGAATTTATGG 
ACACTACAAAGGAAAGA ATAGAAAAAAGTAAATCA 

TACTAAAAGAAATTGAT 
ATCAAI I ICIH IAGTA 

AAMTGTTAAAMGTCAtMTGTTTTrCTTTTCAGGACATGTGA 

ACTTATATA TTTGAC ACAACCCAGCAGTTCGTAAGTAGTTCAC 
AGMTGTTATTTTTCACTTAAAAAAAAAGAT TTT 

AAAATCi 1 1 1 1 1 1 1 1 AAGTGAAAAATAACATTCTGTGMCTACT 

TACGMCTGCTGGGTTGTGTCAAATATATAAGTTCACATGTCC 
TGAAMGAAAMCATTATGACTTTTT AACATTTT 

ATTTGACACAACCCAGC 

GCTGGGTTGTGTCAAAT 

TGATACATTmCCTGTTTTTmCTGCTnCTAmGTnAATA 

GGATATCTACTGAMTAMTTCTGCATTGGTGCTAAAAGTTTC 
TTGGATCACATTTTTATTAGCT AAAGGTAAG TT 

MCTTACCTTTAGCTMTAAAMTGTGATCCMGAMCTTTTA 
GCACCAATGCAGAATTTATTTCAGTAGATATCCTATTAAACAA 
ATAGAAAGCAGAAAAAAAACAGGAAAAATGTATCA 



TACTGAAATAAATTCTG 
CAGAATTTATTTCAGTA 



AMGATCTGMTCTCTMCTTTCTTTAAAMTGTACATTTTTTT 
TTCAGGGGAAGT ATTACAAATGGAAGATGATCTGGTGATTTC 
ATTTCAGTTAATGCTATGTGTCCTTGACTATTTTA 

TAAAATAGTCAAGGACACATAGCATTAACTGAAATGAAATCAC 
CAG ATCATC nCCAnTGTAATACTTCCCCTGAAAAAAAAATG 
TACATTTTTAAAGAAAGTTAGAGATTCAGATCTTT 

AAGTATTACAAATGGAA 
TTCCATTTGTAATACTT 



GTTCTTATCTMTTTACCACTTTTACAGAAACAGCTGTTATACC 

CATTAATGGTTCACCTCGMCACCCAGGCGAGGTCAGAACA 

GGAGTGCACGGATAGCAAAACAACTAGAAAATGATA 

TATCATTTTCTAGTTGTTTTGCTATCCGTGCACTCCTGTTCTG 

ACCTCGCCTGGGTGTTCGAGGTGAACCATTAATGGGTATMC 
AGCTGTTTCTGTAAAAGTGGTAAATTAGATAAGAAC 



510 



514 



518 



521 



522 



525 



526 
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GTTCACCTCGAACACCC 


527 




GGGTGTTCGAGGTGMC 


^ -28 


Retinoblastoma 

Arg255Term 

CGAtoTGA 


TnACCACTTTTACAGAMCAGCTGTTATACCCATTAATGGTT 
CACCTCGMCACCCAGGCGAGGTCAGAACAGGAGTGCACG 
GATAGCAAAACAACTAGAAAATGATACAAGAATTATTG 


529 

• 




CMTMTTCnGTATCATTTTCTAGTTGTTTTGCTATCCGTGCA 

v t j /vt i i w 7 r ■ \^ I # i ff ^✓z » i f f v w 7 j r iW » ■ fill I # 1 1 | 

CTCCTGTTCTGACCTCGCCTGGGTGTTCGAGGTGAACCATTA 
ATGGGTATMCAGCTGTTTCTGTAAAAGTGGTAAA 


530 




CACCCAGGCGAGGTCAG 


531 




CTGACCTCGCCTGGGTG 


532 


Retinoblastoma 

Qn266Term 

CAAtoTAA 


ATTAATGGTTCACCTCGAACACCCAGGCGAGGTCAGAACAG 
GAGTGCACGGATAGCAAAACAACTAGAAAATGATACAAGMT 
TATTGAAGTTCTCTGTAAAGAACATGAATGTAATATAG 


533 




CTATATTACATTCATGTTCTTTACAGAGAACTTCAATAATTCTT 
GTATCATTTTCTAGTTGTTTTGCTATCCGTGCACTCCTGTTCT 
GACCTCGCCTGGGTGTTCGAGGTGAACCATTAAT 


534 

ww» 




TAGCAAAACAACTAGAA 


535 




TTCTAGTTGTTTTGCTA 


536 


Retinoblastoma 

Arg320Term 

CGAtoTGA 


TGAC ATGT AAAGGATAATTGT C AGT G AC 1 1 1 1 1 ICTTTCAAGG 
TTGAAAATCTTTCTAAACGATACGAAGAAATTTATCTTAAAAAT 
AAAGATCTAGATGCAAGATTATTTTTGGATCATG 


537 


■ 


CATGATCCAAAMTMTCTTGCATCTAGATCTTTATTTTTAAGA 
TAMTTTCrrCGTATCGTTTAGAMGATTTTCAACCTTGAMGA 
AAAAAGTCACTGACAATTATCCTTTACATGTCA 


538 

www 




TTTCTAAACGATACGAA 


539 




TTCGTATCGTTTAGAAA 


540 


Retinoblastoma 
Gln354Term 
CAG to TAG 


ACAMTTGTAMTTTTCAGTATGTGAATGACTTCACTTATTGTT 
ATTTAGTTTTGAAACACAGAGAACACCACGAAAMGTMCCTT 
GATGAAGAGGTGAATGTAATTCCTCCACACACtC 


541 


* 


GAGTGTGTGGAGGAATTACATTCACCTCTTCATCAAGGTTAC 
TTTTTCGTGGTGTTCTCTGTGTTTCAAAACTAAATAACAATM 
GTGMGTCATTCACATACTGAAAATTTACAATTTGT 

t 


542 

• 


• 


TTGAAACACAGAGAACA 


543 




TGTT CTCTGTGTTTCAA 


CM 

W"T I 
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mmmmm 



Retinoblastoma 
Arg358Gly 
CGA to GGA 



Retinoblastoma 

Arg358Term 

CGAtoTGA 



Retinoblastoma 

Ser397Term 

TCAtoTAA 



Retinoblastoma 

Arg445Term 

CGAtoTGA 



Retinoblastoma 

Arg455Term 

CGAtoTGA 



9mm 



TTTTCAGTATGTGMTGACnCACTTATTGTrATnAGTTTTGA 
AACACAGAGAACACCACGAAAAAGTAACCTTGATGAAGAGGT 
GAATGT AATTCCTCCACACACTCCAGTTAGGTATG 



CATACCTAACTG GAGTG TGTGGAGGAATTACATTCACCTCTT 
CATCMGGTTACTTTTTCGTGGTGTTCTCTGTGTTTCAAAACT 
AAATAACAATAAGTGAAG TCATTCACATACTGAAAA 

GAACACCACGAAAAAGT 
ACTTTTTCGTGGTGTTC 



TTTTCAGTATGTGMTGACnCACTTATTGnATnAGTTTTGA 
AACACAGAGAACACCACGAAAAAGTAACCTTGATGAAGAGGT 
GAATGTAATTCCTCCACACACTCCAGTTAGGTATG 

CATACCTAACTG GAGTG TGTGGAGGAATTACATTCACCTCTT 
CATCMGGTTACTTrrrCGTGGTGTTCTCTGTGTTTCAAAACT 
AAATAACAATAAGTGAAG TCATTCACATACTGAAAA 

GAACACCACGAAAAAGT 
ACTTTTTCGTGGTGTTC 



CTGTTATGAACACTATCCAACAAnAATGATGATTrTAAATTCA 
GCMGTGATCMCCTTCAGAAAATCTGATTTCCTATTTTAACG 
TMGCCATATATGAMCATTATTTATTGTAATAT 

ATATTACAATAAATAATGTTTCATATATGGCnACGTTAAAATA 
GGAMTCAGATmCTGMGGTTGATCACTTGCTGAATTTAAA 
ATCATCATTMTTGTTGG ATAGTGTTCATAACAG 

TCAACCTTCAGAAAATC 



GATTTTCTGAAGGTTGA 



TTTCATMTTGTGATTTTCTAAMTAGCAGGCTCTTATTTTTCT 
TTnGTTTGTTTGTAG£GATACAAACTTGGAG7TCGCTTGTAT 
TACCGAGTMTGGAATCCATGCTTAMTCAGTAA 

nACTGATTTAAGCATGGATTCCATTACTCGGTAATACAAGCG 
AACTCCAAGTTTGTATCGCTACAAACAAACAAAAAGAAAAATA 
AGAGCCTGCTATTTTAGA AAATCACAATTATGAAA 

GTTTGTAGCGATACAAA 
TTTGTATCGCT ACAAAC 



GCTCTTATTTTTCTTTTTGTTTGTTTGTAGCGATACAAACTTGG 

AGTTCGCTTGTATTACCGAGTAATGGAATCCATGCTTAAATCA 
GTAAGTTAAAAACAATATAAAAAAATTTCAGCCG 



545 



546 



549 



550 



553 



554 



557 



558 



561 
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CGGCTGAAAI 1 1 1 1 1 IAIAI 101 1 1 1 1 AACTTACTGATTTAAGC 

ATGGATTCCATTACTCGGTAATACAAGCGAACTCCAAGTTTGT 

ATCGCTACAAACAAACAAAAAGAAAAATAAGAGC 


562 


TGTATTACCGAGTAATG 


563 


CATTACTCGGTAATACA 


564 


Retinoblastoma 

Arg552Term 

CGAtoTGA 


ATCGAMGTTTTATCAAAGCAGAAGGCAACTTGACAAGAGAA 

ATGATAAAACATTTAGAACGATGTGAACATCGAATCATGGAAT 

CCCTTGCATGGCTCTCAGTAAGTAGCTAAATAA7TG 


565 


CAATTAT7TAGCTACTTACTGAGAGCCATGCAAGGGATTCCAT 
GATTCGATGTrCACATCGnCTAMTGTTTTATCATTTCTCTTG 
TCAAGTTGCCTTCTGCTTTGATAAAACTTTCGAT 


566 


ATTTAGAACGATGTGAA 


567 


TTCACATCGTTCTAAAT 


568 


Retinoblastoma 

Cys553Term 

TGTtoTGA 


AAGTTTTATCAAAGCAGAAGGCAACTTGACAAGAGAAATGATA 

AAACATTTAGAACGATGTGAACATCGAATCATGGAATCCCTTG 
CATGGCTCTCAGTAAGTAGCTAAATAATTGAAGAA 


569 


TTCTTCAATTATTTAGCTACTTACTGAGAGCCATGCAAGGGAT 
TCCATGATTCGATGTTCACATCGTTCTAMTGTTTTATCATTTC 
TCTTGTCAAGTTGCCTTCTGCTTTGATAAAACTT 


570 


GAACGATGTGAACATCG 


571 


CGATGTTCACATCGTTC 


572 


Retinoblastoma 

Glu554Term 

GAAtoTAA 


AGTTTTATCAAAGCAGAAGGCAACTTGACAAGAGAAATGATAA 

AACATTrAGAACGATGTGAACATCGAATCATGGAATCCCTTG 

CATGGCTCTCAGTAAGTAGCTAAATAATTGAAGAAA 


573 


TTTCTTCAATTATTTAGCTACTTACTGAGAGCCATGCAAGGGA 
nCCATGATTCGATGTTCACATCGTTCTAAATGTTTTATCATTT 
CTCTTGTCAAGTTGCCTTCTGCTTTGATAAAACT 


574 


AACGATGTGAACATCGA 


575 


TCGATGTTCACATCGTT 


576 


Retinoblastoma 

Ser567Leu 

TCAtoTTA 


TACCTGGGAAMTTATGCTTACTAATGTGGTTTTAATTTCATC 
ATGTTTCATATAGGATTCACCTTTATTTGATCTTATTAAACAAT 
CAAAGGACCGAGAAGGACCAACTGATCACCTTGA 


577 


TCAAGGTGATCAGTTGGTCCTTCTCGGTCCTTTGATTGTn'AA 

TAAGATCAAATAAAGGTGAATCCTATATGAAACATGATGAAAT 

TAAAACCACATTAGTAAGCATAATTTTCCCAGGTA 


578 
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Retinoblastoma 

Gln575Term 

CAAtoTAA 



Retinoblastoma 

Afg579Term 

CGAtoTGA 



Retinoblastoma 

Glu580Tenn 

GAAtoTAA 



Retinoblastoma 

Ser634Term 

TCAtoTGA 



ATAGGATTCACCTTTAT 
ATAAAGGTGAATCCTAT 



579 
580 



AATGTGGTnTMTTTCATCATGTTTCATATAGGATTCACCTTT 
ATTTGATCTTATTAAACAATCAAAGGACCGAGAAGGACCAACT 
GATCACCTTGAATCTGCTTGTCCTCTTMTCTTC 

GAAGATTAAGAGGACAAGCAGATTCAAGGTGATCAGTTGGTC 

CTTCTCGGTCCTTTGATTGTTTAATAAGATCAAATAAAGGTGA 
ATCCTATATGAAACATG ATGAAATTAAAACCACATT 

TTATTAAACAATCAMG 
CTTTGATTGTTTAATAA 



ATTTCATCATGTTTCATATAGGATTCACCTTTATTTGATCTTAT 

TAAACMTCAAAGGACCGAGAAGGACCAACTGATCACCTTGA 
ATCTGCTTGTCCTCTTAATCTTCCTCTCCAGAATA 



TATTCTGGAGAGGAAGATTAAGAGGACMGCAGATTCAAGGT 

GATCAGTTGGTCCTTCTCSGTCCTTTGATTGTTTAATAAGATC 
AAATAAAGGTGAATCCTAT ATGAAACATGATGAAAT 

CAAAGGACCGAGAAGGA 
TCCTTCTCGGTCCTTTG 



TCATCATGTTTCATATAGGATTCACC7TTATTTGATCTTATTAA 

ACAATCAAAGGACCGAGAAGGACCAACTGATCACCTTGAATC 
TGCTTGTCCTCTTAATCTTCCTCTCCAGAATAATC 



GATTATTCTGGAGAGGAAGATTAAGAGGACAAGCAGATTCAA 

GGTGATCAGTTGGTCCTTCTCGGTCCTTTGATTGTTTAATAAG 
ATCAAATAAAGGTGAATCC TATATGAAACATGATRA 

AGGACCGAGAAGGACCA 
TGGTCCTTCTCGGTCCT 



AGAAAAAAGGTTCAACTACGCGTGTAAATTCTACTGCAAATG 

CAGAGACACAAGCAACCTCAGCCTTCCAGACCCAGAAGCCA 
TTGAAATCTACCTCTCTTTCACTGTTTTATAAAAAAflfi 



CCTTTTTTATAAAACAGTGAMGAGAGGTAGATTTCAATGGCT 

TCTGGGTCTGGAAGGCTGAGG7TGCTTGTGTCTCTGCATTTG 
CAGTAGMTTTACACGCG TAGTTGMCCTTTTTTCT 

AGCAACCTgAGCCTTCC 
GGAAGGCTGAGGTTGCT 



581 



582 



583 
584 



585 



586 



587 
588 



589 



590 



5M 
592 



593 



594 



595 
596 



( ( 
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SCfinica^enotype &1 




SEQ1DR 

Ml 


Retinoblastoma 
AIa635Pro 
GCC to CCC 

^pp'^p'^p* IV ^pr^pJ^p* 


AAAAAAGGTTCAACTACGCGTGTAAATTCTACTGCAAATGCA 
GAGACACAAGCAACCTCAGCCTTCCAGACCCAGAAGCCATT 
GAMTCTACCTCTCTnCACTGTTTTATAAAAAAGGTT 


597 




MCCTTTTTTATAAAACAGTGAAAGAGAGGTAGATTTCAATGG 
CTTCTGGGTCTGGAAGGCTGAGGTTGCTTGTGTCTCTGCAn 
TGCAGTAGMmACACGCGTAGTTGMCCTTTTTT 


598 




CAACCTCAGCCTTCCAG 

^p*r v *^p* ■ i ^p* ^py • ■ ^p» vf 


599 




CTGGAAGGCTGAGGTTG 


600 


Retinoblastoma 
Gln639Term 
C AG to TAG 


ACTACGCGTGTAAATTCTACTGCAAATGCAGAGACACAAGCA 
ACCTCAGCCTTCCAGACCCAGAAGCCATTGAAATCTACCTCT 
CTnCACTGTTTTATAAAAAAGGTTAGTAGATGATTA 


601 




TMTCATCTACTMCC7TTTTTATAAAACAGTGAAAGAGAGGT 

AGATTTCAATGGCTTCTGGGTC^GGAAGGCTGAGGTTGCTTG 

TGTCTCTGCATTTGCAGTAGAATTTACACGCGTAGT 


602 




TCCAGACCCAGAAGCCA 


603 


• 


TGGCTTCTGGGTCTGGA 


604 


Retinoblastoma 
Leu657Pro 
CTA to CCA 


TTGTMTTCAAMTGMCAGTAAAMTGACTMTTTTTCTTATT 
CCCACAGTGTATCGGCIAGCCTATCTCCGGCTAAATACACTT 
TGTGAACGCCTTCTGTCTGAGCACCCAGAATTAGA 


605 


• 


TCTAATTCTGGGTGCTCAGACAGAAGGCGTTCACAAAGTGTA 

■ ■ P ™* • V P ^P^F ■ ^•^p' ^^pP^ ^P^P F ■ ^P^P^ ^P^F P ^^P' ■ P- ^^^rw v ^p^ w p ^p^p ^p v ^p^ ^P^^ ^P^ ^^p^ P V » P P ^P ^P V ^^p^ W ^^^^ P V V 

TTTAGCCGGAGATAGGCTAGCCGATACACTGTGGGAATAAG 
AAAAATTAGTCAI 1 1 1 1ACIGJ ICAI 1 1 1 GAATTACAA 


606 




GTATCGGCTAGCCTATC 


607 




GATAGGCTAGCCGATAC 


608 


Retinoblastoma 
Arg661Trp 
CGG to TGG 


MTGMCAGTAAAMTGACTMTTTTTCTTATTCCCACAGTGTA 

TCGGCTAGCCTATCTCCGGCTAAATACACTTTGTGAACGCCT 

TCTGTCTGAGCACCCAGAATTAGAACATATCATCT 


609 




AGATGATATGTTCTAATTCTGGGTGCTCAGACAGAAGGCGTT 
CACAAAGTGTATTTAGCCGGAGATAGGCTAGCCGATACACTG 
TGGGAATAAGAAAAATTAGTC A 1 1 1 1 IACTGTTCATT 


610 




CCTATCTCCGGCTAAAT 


611 




ATTTAGCCGGAGATAGG 


612 


Retinoblastoma 
Leu662Pro 
CTA to CCA 


MCAGTAAAMTGACTMTTTTTCTTATTCCCACAGTGTATCG 
GCTAGCCTATCTCCGGCTAAATACACTTTGTGAACGCCTTCT 
GTCTGAGCACCCAGAATTAGAACATATCATCTGGAC 


613 
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Retinoblastoma 

Glu675Term 

GAAtoTM 



Retinoblastoma 
Gln685Pro 
CAG to CCG 



Retinoblastoma 
Cys706Tyr 

TGTtoTAT 



Retinoblastoma 
Cys712Arg 
TGC to CGC 



GTCCAGATGATATGTTCTAATTCTGGGTGCTCAGACAGAAGG 
CGTTCACAAAGTGTATTTAGCCGGAGATAGGCTAGCCGATAC 
ACTCTGGGMTMGAAAMTTAGTCATTTTTACTGTT 




TATCGGCTAGCCTATCTCCGGCTAAATACACTTTGTGAACGC 
CTTCTGTCTGAGCACCCAGAAnAGAACATATCATCTGGACC 
CTTTTCCAGCACACCCTGCAGAATGAGTATGAACTCA 

TGAGTTCATACTCATTCTGCAGGGTGTGCTGGAAAAGGGTCC 

^^ T ^ TATG ^ T ^^^^^^ T ^ AGA CAGAAGGCGTT 

CACAAAGTGTATTTAGCCGGAGATAGGCTAGCCGATA 

AGCACCCAGAATTAGAA 
TTCTAATTCTGGGTGCT 



mGTGMCGCCTTCTGTCTGAGCACCCAGAATTAGAACATA 

I?^? GGACCCTTTTCC ^ GCACACC CTGCAGAATGAGTATG 
AACTCATGAGAGACAGGCATTTGGACCAAGTAAGAAA 



614 



617 



618 



619 
620 



621 



™™ C J^ | 622 

S A IISI^ AG ^ TGTGCIGG ^ GGGT CCAGATGATATG7T 
CTAATTCTGGGTGCTCAGACAGAAGGCGTTCACAAA 

CCTTTTCCAGCACACCC 
GGGTGTGCTGGAAAAGG 



623 
624 



^^^li^^CJACmTACATCAAmATT | 625 

TACTAGATTATGATGTGnCCATGTATGGCATATGCAAAGTGA 
AGAATATAGACCTTAAATTCAAAATCAnGTAAC 

^^I G i mGMmMGGTCTATATTC1T CACTTTGCA I 626 

TATCCCATACATGGMCACATCATMTCTAGTAAATAAATTGA 
TGTAAAAGTAGTCAGMT TTTATTACATGGTTTT 

TATGATGTGJTTCCATGT 
ACATGGAACACATCATA 



TTCTGACTACTTTTACATCMTTTATTTACTAGATTATGATGTG 

^CCATGTATGGCATAIGCAAAGTGAAGAATATAGACCTTAAA 
TTCAAAATCATTGTAACAGCATACAAGGATCTTn 



GMGATCCTTGTATGCTGTTACAATGATTTTGAATTTAAGGTC 
I~^TI£^ CAC " mGCATAT ^ CATACAT GGAACACATCATA 
ATCT AGTAAATAAATTG ATGTAAAAGTAGTCAGAA 



627 
628 
629 



630 



r ( 
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Retinoblastoma 

Tyr728Term 

TACtoTAA 



Retinoblastoma 
Glu748Term 
GAG to TAG 



Retinoblastoma 

Gln762Term 

CAGtoTAG 



Retinoblastoma 

Arg787Tenn 

CGA-TGA 



ATGGCATAIGCAAAGTG 



CACTTTGCATATGCCAT 



GTATGGCATATGCAAAGTGAAGAATATAGACCTTAMTTCAAA 

ATCATTGTAACAGCATACAAGGATC TTCCTCA TGCTGTTCAG 

GAGGTAGGTMTTTTCCATAGTMGTTTTTTTGATA 



TATCAAAAAAACTTACTATGGAAAATTACCTACCTCCTGAACA 
GCATGAGGMGATCCTTGTATGCTGTTACAATGATTTTGAA7T 
TAAGGTCTATATTCTTCACTTTGCATATGCCATAC 



ACAGCATACAAGGATCT 



AGATCCTTGTATGCTGT 



1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A CTGTTCTTCCTCAGACATTCAAACGTGT 

TTTGATCAAAGAAGAGGAGTATGATTCTATTATAGTATTCTATA 

ACTCGGTCTTCATGCAGAGACTGAAAACAAATA 



TATTTGTTTTCAGTCTCTGCATGMGACCGAGTTATAGAATAC 
TATAATAGAATCATACTCCTCTTCTTTGATCAAAACACGTTTGA 

ATGTCTGAGGAAGAACAGTAAAAAAAAAAAAAAA 



AAGAAGAGGAGTATGAT 



ATCATACTCCTCTTCTT 

GTTTTGATCAAAGAAGAGGAGTATGATTCTATTATAGTATTCT 

ATMCTCGGTCTTCATG£AGAGACTGAAAACAAATATTTTGCA 

GTATGCTTCCACCAGGGTAGGTCAAAAGTATCCTT 



AAGGATACTTTTGACCTACCCTGGTGGAAGCATACTGCAAAA 
TATTTGTTTTCAGT CTCTGCATGAAGACCGAGTTATAGAATAC 
TATAATAGAATCATACTCCTCTTCTTTGATCAAAAC 



TCTTCATGCAGAGACTG 



CAGTCTCTGCATGAAGA 

TMTCTACTTTTTTGTTTTTGCTCTAGCCCCCTACCTTGTCAC 

CAATACCTCACATTCCTCGMGCCCTTACAAGTTTCCTAGTTC 

ACCCTTACGGATTCCTGGAGGGAACATCTATATTT 



AAATATAGATGTTCCCTCCAGGAATCCGTAAGGGTGAACTAG 
GAAACTTGTAAGGGCTTCGAGGAATGTGAGGTATTGGTGACA 
AGGTAGGGGGCTAGAGCAAAAACAAAAAAGTAGATTA 



ACATTCCTCGAAGCCCT 
AGGGCTTCGAGGAATGT 



631 



632 



633 



634 



635 



636 



637 



638 



639 



640 



641 



642 



643 



646 
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Retinoblastoma 
Ser816Term 
TCA to TGA 




ijilfiiflliillg 

CCTTACGGATTCCTGGAGGGAACATCTATATTTCACCCCTGA 
^JFP ATAT ^ m£AGMGGTCT GCCAACACCAACM 
AAATGACTCCAAGATCAAGGTGTGTGTTTTCTCTTT A 

TAMGAGAAMCACACACCTTGATCTTGGAGTCATTT7TG7TG 

GTGTTGGCAGACCTTCTGAAATrTTATATGGACTCnCAGGG 
GTGAAATATAGATGTTCC CTCCAGGAATCCGTAAf^ 

TAAAATTTCAGAAGGTC 
GACCTTCTGAAATTTTA 



HQ: 
649 



650 



651 
652 



EXAMPLE 8 

BRCA1 and BROA7 



Breast cancer is the second major cause of cancer death in American women with an 
estimated 44,190 lives lost (290 men and 43,900 women) in the US in 1997. While ovarian cancer 
accounts for fewer deaths than breast cancer, it still represents 4% of all female cancers. In 1 994, two 
breast cancer susceptibility genes were identified: BRCA1 on chromosome 17 and BRCA2 on ' 
chromosome 13. When a woman carries a mutation in either BRCA1 or BRCA2, she is at increased risk 
of being diagnosed with breast or ovarian cancer at some point in her life. 

Ford ef a/., Am. J. Hum. GeneL 62: 676-689 (1998) assessed the contribution of BRCA1 
and BRCA2 to inherited breast cancer by linkage and mutation analysis in 237 families, each with at least 
4 cases of breast cancer. Families were included without regard to the occurrence of ovarian or other 
cancers. Overall, disease was linked to BRCA1 in an estimated 52% of families, to BRCA2 in 32% of 
families, and to neither gene in 16%, suggesting other predisposition genes. The majority (81%) of the 
breast-ovarian cancer families were due to BRCA1 , with most others (1 4%) due to BRCA2. Conversely 
the majority (76%) of families with both male and female breast cancer were due to 

BRCA2 The largest proportion (67%) of families due to other genes were families with 4 or 5 cases of 
female breast cancer only. 

More than 75% of the reported mutations in the BRCA1 gene result in truncated proteins 
Couch ef a/., Hum. MutaL 8: 8-18, 1996. (1996) reported a total of 254 BRCA1 mutations, 132 (52%) of 
which were unique. A total of 221 (87%) of all mutations or 107 (81%) of the unique mutations are small 
deletions, insertions, nonsense point mutations, splice variants, and regulatory mutations that result in 
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truncation or absence of the BRCA1 protein. A total of 1 1 disease-associated missense mutations (5 
unique) and 21 variants (19 unique) as yet unclassified as missense mutations or polymorphisms had 
been detected. Thirty-five independent benign polymorphisms had been described. The most common 
mutations were 185delAG and 5382insC ( which accounted for 30 (11.7%) and 26 (10.1%), respectively, 
of all the mutations. 

Most BRCA2 mutations are predicted to result in a truncated protein product The 
smallest known cancer-associated deletion removes from the C terminus only 224 of the 3,41 8 residues 
constituting BRCA2, suggesting that these terminal amino acids are critical for BRCA2 function. Studies 
(Spain ef a/., Proc. Natl. Acad. Sci. 96:13920-13925 (1999)) suggest that such truncations eliminate or 
interfere with 2 nuclear localization signals that reside within the final 1 56 residues of BRCA2, suggesting 
that the vast majority of BRCA2 mutants are nonfunctional because they are not translocated into the 
nucleus. 

The attached table discloses the correcting oligonucleotide base sequences for the 
BRACA1 and BRACA2 oligonucleotides of the invention. 



Table 14 

BRCA1 Mutations and Genome-Correcting Oliqos 



Breast Cancer 
Met-1-lle 
ATG to ATT 




CTGCGCTCAGGAGGCCTTCACCCTCTGCTCTGGGTAAAGTT 
CATTGGMCAGAMGAAATGGATTTATCTGCTCTTCGCGTTG 
AAGAAGTACAAAATGTCATTAATGCTATGCAGAAAATC 



GATTTTCTGCATAGCATTMTGACATTTTGTACTTCTTCAACG 
CGMGAGCAGATAMTCCATTTCTTTCTGTTCCAATGAACTTT 
ACCCAGAGCAGAGGGTGAAGGCCTCCTGAGCGCAG 



AAAGAAATGGATTTATC 



GATAAATCCATTTCTTT 



653 



654 



655 



656 



Breast Cancer 

Val-11-Ala 

GTAtoGCA 



CTGGGTAAAGTTCATTGGAACAGAAAGAAATGGATTTATCTG 

CTCTTCGCGTTGAAGAAGTACAAAATGTCATTAATGCTATGCA 

GAAAATCTTAGAGTGTCCCATCTGTCTGGAGTTGAT 



ATCAACTCCAGACAGATGGGACACTCTAAGATTTTCTGCATA 
GCATTMTGACATTTTGTACTTCTTCAACGCGAAGAGCAGATA 

MTCCATTTCTTTCTGTTCCAATGMCTTTACCCAG 



TGAAGAAGIACAAAATG 



657 



658 



659 
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Breast Cancer 
lle-21-Val 
ATC to GTC 



Breast Cancer 

Leu-22-Ser 

TTAtoTCA 



Breast Cancer 

Cys-39-Tyr 

TGTtoTAT 



Breast Cancer 
Cys-61-Gly 
TGT to GGT 



CATTTTGTACTTCTTCA 



ATGGATTTATCTGCTCTTCGCGTTGAAGMGTACAAAATGTCA 

TTAATGCTATGCAGAAAATCTTAGAGTGTCCCATCTGTCTGG 

AGTTGATCAAGGAACCTGTCTCCACAAAGTGTGACC 



GGTCACACT7TGTGGAGACAGGTTCCTTGATCAACTCCAGAC 
AGATGGGACACTCTMGATnTCTGCATAGCATTAATGACATT 
TTGTACTTC7TCAACGCGAAGAGCAGATAAATCCAT 



TGCAGAAAATCTTAGAG 



CTCTAAGAITTTCTGCA 

AT7TATCTGCTCTTCGCGTTGAAGAAGTACAAAATGTCATTAA 
TGCTATGCAGAAMTCTTAGAGTGTCCCATCTGTCTGGAGTT 
GATCAAGGAACCTGTCTCCACAAAGTGTGACCACAT 



ATGTGGTCACACTTTGTGGAGACAGGTTCCTTGATCAACTCC 
AGACAGATGGGACACTCTAAGATTTTCTGCATAGCATTAATG 
ACATnTGTACTTCTTCAACGCGAAGAGCAGATAAAT 



GAAAATCTTAGAGTGTC 



GACACTCTAAGATTTTC 

AGAAAATCTT AGAGTGTCCCATCTGTCTGGAGTTGATCAAGG 
MCCTGTCTCCACAAAGTGTGACCACATA7TTTGCAAATTTTG 
CATGCTGAAACTTCTCAACCAGAAGAAAGGGCCTTC 



GAAGGCCCTTTCTTCTGGTTGAGAAGTTT CAGCATGCAAAAT 

TTGCAAAATATGTGGTCACACTTTGTGGAGACAGGTTCCTTG 
ATCAACTCCAGACAGATGGGACACTCTAAGATTTTCT 



CACAAAGTGTGACCACA 



TGTGGTCACACTTTGTG 



CACATATTTTGCAAATTTTGCATGCTGAAACTTCTCAACCAGA 
AGAAAGGGCCTTCACAGTGTCCTTTATGTAAGAATGATATMC 
CAAAAGGAGCCTACAAGAAAGTACGAGATTTAGTC 



GACTAAATCTCGTACTTTCTTGTAGGCTCCTTTTGGTTATATC 
ATTCTTACATAAAGGACACTGTGAAGGCCCTTTCTTCTGGTT 
GAGAAGTTTCAGCATGCAAAATTTGCAAAATATGTG 



CTTCACAGIGTCCTTTA 



TAAAGGACACTGTGAAG 



660 
661 



662 



663 



664 
665 



666 



667 



668 
669 



670 



671 



672 
673 



674 



675 



676 
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SHIS 


Breast Cancer 

Leu-63-Stop 

TTAtoTAA 


TTTGCAMTTTTGCATGCTGAAACTTCTCAACCAGAAGAAAGG 
GCCTTCACAGTGTCCTTTATGTAAGAATGATATAACCAAAAGG 
AGCCTACAAGAAAGTACGAGATTTAGTCAACTTGT 


677 




ACMGTTGACTAAATCTCGTACTTrcnGTAGGCTCCTTTTGG 
TTATATCATTCTTACATAAAGGACACTGTGAAGGCCCTTTCTT 
CTGGTTGAGAAGTTTCAGCATGCAAAATTTGCAAA 


678 




GTGTCCTTTATGTAAGA 


679 




TCTTACATAAAGGACAC- 


680 


Breast Cancer 

Cys-64-Arg 

TGTtoCGT 


TGCAAATTTTGCATGCTGAAACTTCTCAACCAGAAGAAAGGG 

CCTTCACAGTGTCCTTTATGTAAGAATGATATAACCAAAAGGA 

GCCTACAAGAAAGTACGAGATTTAGTCAACTTGTTG 


681 


Breast Cancer 

Cys-64-Gly 

TGTtoGGT 


CMCMGTTGACTAMTCTCGTACmCTTGTAGGCTCCTTTT 

GGTTATATCATTCTTACATAAAGGACACTGTGAAGGCCCTTTC 

TTCTGGTTGAGMGTTTCAGCATGCAAAATTTGCA 


682 




GTCCTTTATGTAAGAAT 


683 




ATTCTTACATAAAGGAC 


684 


Breast Cancer 
Cys-64-Tyr 
TGT to TAT 


GCAAATTTTGCATGCTGAAACTTCTCAACCAGAAGAAAGGGC 
CTTCACAGTGTCCTTTATGTAAGAATGATATAACCAAAAGGAG 
CCTACAAGAAAGTACGAGATTTAGTCAACTTGTTGA 


685 




TCMCMGTTGACTAMTCTCGTACTTTCTTGTAGGCTCCTTT 

TGGTTATATCATTCTTACATAAAGGACACTGTGAAGGCCCTTT 
CTTCTGGTTGAGAAGTTTCAGCATGCAAAATTTGC 


686 




TCCTTT ATGTAAGAATG 


687 




CATTCTTACATAAAGGA 


688 


Breast Cancer 

Gln-74-Stop 

CAAtoTM 


CAGAAGAAAGGGCCTTCACAGTGTCCTTTATGTAAGAATGAT 
ATAACCAAAAGGAGCCTACAAGAAAGTACGAGATTTAGTCAA 
CnGTTGMGAGCTATTGAAAATCATTTGTGCTTTTC 


689 


• 


GAAMGCACAMTGATTTTCAATAGCTCTTCAACAAGTTGACT 
AMTCTCGTACTTTCTTGTAGGCTCCTTTTGGTTATATCATTCT 
TACATAMGGACACTGTGMGGCCCTTTCTTCTG 


690 

WWW 




GGAGCCTACAAGAAAGT 


691 




ACTTTCTTGTAGGCTCC 


692 
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Breast Cancer 
Tyr-105-Cys 
TAT to TGT 



Breast Cancer 

Asn-158-Tyr 

AACtoTAC 



Breast Cancer 
Gln-1 69-Stop 
CAGtoTAG 



Breast Cancer 
Trp-353-Stop 
TGG to TAG 



Breast Cancer 

lle-379-Met 

ATTtoATG 



AGCTATTGAAAATCATTTGTGCTTTTCAGCTTGACACAGGTTT 

GGAGTATGCAMCAGCTATMTTTTGCAAAAAAGGAAAATAAC 
TCTCCTGAACATCTAAAAGATGAAGTrTCTATCAT 

AT GATAGA MCTTCATCTTTT AGATGTTCAGGAGAGTTATTTT 
CCTTTTTTGCAAMTTATAGCTGTTTGCATACTCCAAACCTGT 
GTCAAGCTGAAAAGCAC AMTGATnTCAATAGCT 

AAACAGCTATAATTTTG 
CAAAATTATAGCTGTTT 

CTACAGAGTGAACCCGAAAATCCTTCCTTGCAGGAAACCAGT 
CTCAGTGTCCAACTCTCTAACCTTGGAACTGTGAGAACTCTG 
AGGACAAAGCAGCGGATACMCCTCAAAAGACGTCTG 

CAGACGTCTTTTGAGGTTGTATCCGCTGCTTTGTCCTCAGAG 
TTCTCACAGTTCCMGGTTAGAGAGTTGGACACTGAGACTGG 
TTTCCTGCAAGGAAGGAT TTTCGGGTTCACTCTQTAG 

AACTCTCTAACCTTGGA 
TCCAAGGTTAGAGAGTT 



GAAACCAGTCTCAGTGTCCAACTCTCTAACCTTGGAACTGTG 
AGAACTCT GAGGACAAAGCAGCGGATACAACCTCAAAAGAC 
GTCTGTCTACATTGMTTGGGATCTGATTCTTCTGAAG 

CTTCAGAAGAATCAGATCCCAATTCAATGTAGACAGACGTCTT 

TTGAGGTTGTATCCGCTGCTTTGTCCTCAGAGTTCTCACAGT 

TCCAAGGTTAGAGAGTTGGACACTGAGACTGGTTTC 

GGACAAAGCAGCGGATA 
TATCCGCTGCTTTGTCC 

CTCCCAGCACAGAAAAAAAGGTAGATCTGAATGCTGATCCCC 
TGTGTGAGAGAAAAGMTGGAATAAGCAGAAACTGCCATGCT 
CAGAGAATCCTAGAGATACTGAAGATGTTCCTTGGAT 

ATCCAAGGAACATCTTCAGTATCTCTAGGATTCTCTGAGCAT 
GGCAGTTTCTGCTTATTC£AnCTTTTCTCTCACACAGGGGAT 
CAGCATTCAGATCTACCT TTTTTTCTGTGCTGGGAG 

AAAAGAATGGAATAAGC 
GCTTATTCCATTCTTTT 



ATGCTCAGAGAATCCTAGAGATACTGAAGATGTTCCTTGGAT 

MCACTAMTAGCAGCATTCAGAAAGTTAATGAGTGGTTTTCC 

AGAAGTGATGAACTGTTAGGTTCTGATGACTCACAT 



693 



694 



695 
696 
697 



698 



699 
700 



701 



702 



703 
704 
705 



706 



707 
708 



709 



C C" 
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:%■£:•> .<:*•'. 




ATGTGAGTCATCAGAACCTAACAGTTCATCACTTCTGGAAAAC 

CACTCATTAACTrTCTGAATGCTGCTATTTAGTGTTATCCAAG 

GAACATCTTCAGTATCTCTAGGATTCTCTGAGCAT 


710 




AGCAGCATTCAGAAAGT 


711 




ACTTTCTGAATGCTGCT 


712 


Breast Cancer 

Glu-421-Gly 

GAAtoGGA 


GGGAGTCTGAATCAAATGCCAAAGTAGCTGATGTATTGGACG 
TTCTAAATGAGGTAGATGAATATTCTGGTTCTTCAGAGAAAAT 
AGACTTACTGGCCAGTGATCCTCATGAGGCTTTAAT 


713 




ATTAAAGCCTCATGAGGATCACTGGCCAGTAAGTCTATTTTCT 
CTGAAGAACCAGAATATTCATCTACCTCATTTAGAACGTCCAA 
TACATCAGCTACTTTGGCATTTGATTCAGACTCCC 


714 




GGTAGATGAATATTCTG 


715 




CAGAATATTCATCTACC 


716 


Breast Cancer 

Phe-461-Leu 

TTTtoCTT 


ATATGTAAAAGTGAAAGAGTTCACTCCAAATCAGTAGAGAGTA 
ATATTGAAGACAAAATATTTGGGAAAACCT ATCGGAAGAAGG 
CAAGCCTCCCCAACTTAAGCCATGTAACTGAAAATC 


717 




GA 1 1 1 1 CAGTTACATGGCTTMGTTGGGGAGGCTTGCCTTCT 

TCCGATAGGTTTTCCCAAATATTnGTCTTCAATATTACTCTCT 
ACTGATTTGGAGTGAACTCTTTCAC M N ACATAT 


718 




ACAAAATATTTGGGAAA 


719 


* 


TTTCCCAAATATTTTGT 


720 


Breast Cancer 
Tyr-465-Leu 
TAT to GAT 


GAAAGAGTTCACTCCAAATCAGTAGAGAGTAATATTGAAGAC 

AAAATATTTGGGAAAACCTATCGGAAGAAGGCAAGCCTCCCC 

AACTTAAGCCATGTAACTGAAAATCTAATTATAGGAG 


721 




CTCCTATMnAGATTTTCAGTTACATGGCTTAAGTTGGGGAG 
GCTTGCCnCTTCCGATAGGTTTTCCCAMTATTTTGTCTTCA 
ATATTACTCTCTACTGATTTGGAGTGAACTCTTTC 


722 




GGAAAACCTATCGGAAG 


723 




CTTCCGATAGGTTTTCC 


724 


Breast Cancer 

Gly-484-Stop 

GGAtoTGA 


ACCTATCGGAAGAAGGCAAGCCTCCCCAACTTAAGCCATGTA 
ACTGAAAATCTAATTATAGGAGCATTTGTTACTGAGCCACAGA 
TAATACAAGAGCGTCCCCTCACAAATAAATTAAAGC 


725 




GCTTTMTnATTTGTGAGGGGACGCTCTTGTATTATCTGTGG 
CTCAGTMCAMTGCTCCTATMTTAGATTTTCAGTTACATGG 
CTTAAGTTGGGGAGGCTTGCCTTCTTCCGATAGGT 


726 
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Breast Cancer 

Arg-507-lle 

AGAtoATA 



Breast Cancer 

Ser-510-Stop 

TCAtoTGA 



Breast Cancer 

Gln-526-StDp 

CAAtoTAA 



Breast Cancer 

Gln-541-Stop 

CAGtoTAG 



TAATTATAGGAGCATTT 
AAATGCTCCTATAATTA 

TTACTGAGCCACAGATAATACAAGAGCGTCCCCTCACAMTA 

AATTAAAGCGTAAAAGGAGACCTACATCAGGCCTTCATCCTG 
AGGATTTTATCAAGAAAGCAGATTTGGCAGTTCAAAA 



TTTTGAACTGCCAAATCTGCTTTCTTGATAAAATCCTCAGGAT 
GAAGGCCTGATGT AGGTCTCCTTTTACGCriTAATTTATTTGT 
GAGGGGACGCTCTTGTA TTATCTGTGGCTCAGTM 

TAAAAGGAGACCTACAT 
ATGTAGGTCTCCTTTTA 



CACAGATAATACAAGAGCGTCCCCTCACAAATAAATTAAAGC 
GTAAAAGGAGACCTACATCAGGCCTTCATCCTGAGGATTTTA 
TCAAGAAAGCAGATTTGGCAGTTCAAAAGACTCCTG A 

TCAGGAGTCTTTTGAACTGCCAAATCTGCTTTCTTGATAAAAT 
CCTCAGGATGMGGCCTGATGTAGGTCTCCTTTTACGCTTTA 
ATTTATTTGTGAGGGGAC GCTCTTGTATTATCTGTG 

ACCTACATCAGGCCTTC 



GAAGGCCTGATGTAGGT 



AGGAGACCTACATCAGGCCTTCATCCTGAGGATTTTATCAAG 
AAAGCAGATTTGGCAGTTCAAAAGACTCCTGAAATGATAAATC 
AGGGAACTAACCAAACGGAGCAGAATGGTCMGTGA 

TCACnGACCATTCTGCTCCGTTTGGTTAGTTCCCTGATTTAT 
CATTTCAGGAGTCTTTTGAACTGCCAMTCTGCTTTCTTGATA 
AAATCCTCAGGATGAAGG CCTGATGTAGGTCTCCT 

TGGCAGTTCAAAAGACT 
AGTCTTTTGAACTGCCA 

AGGAGACCTACATCAGGCCTTCATCCTGAGGATTTTATCMG 

AAAGCAGATTTGGCAGTTCAAAAGACTCCTGAAATGATAAATC 
AGGGAACTAACCAAACGGAGCAGAATGGTCMGTGA 



TCACTTGACCATTCTGCTCCGTTTGGTTAGTTCCCTGATTTAT 
CATTTCAGGAGTCTTTTGAACTGCCAMTCTGCTTTCTTGATA 
AAATCCTCAGGATGAAGG CCTGATGTAGGTCTCCT 

AAACGGAGCAGAATGGT 
ACCATTCTGCTCCGTTT 



727 
728 



729 



730 



733 



734 



735 



736 



737 



738 



742 
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Breast Cancer 

Qy-552-Val 

GGTtoGTT 


TAAATCAGGGAACTAACCAAACGGAGCAGAATGGTCAAGTGA 
TGAATATTACTAATAGTGGTCATGAGAATAAAACAAAAGGTGA 
TTCTATTCAGAATGAGAAAAATCCTAACCCAATAGA 


745 


TCTATTGGGTTAGGATTTTTCTCATTCTGAATAGAATCACCTTT 

TGTTTTATTCTCATGACCACTATTAGTAATATTCATCACnGAC 
CATTCTGCTCCGTTTGGTTAGTTCCCTGATTTA 


746 


TAATAGTGGTCATGAGA 


47 


TCTCATGACCACTATTA 


7 48 


Breast Cancer 

Gln-563-Stop 

CAGtoTAG 


GGTCAAGTGATGAATATTACTAATAGTGGTCATGAGAATAAAA 
CAAAAGGTGATTCTATTCAGAATGAGAAAAATCCTAACCCAAT 
AGAATCACTCGAAAAAGAATCTGCTTTCAAAACGA 


749 


TCGI 1 1 1 GAAAGCAGATTC 1 1 1 1 1 CGAGTGATTCTATTGGGTT 
AGGATTTTrCTCATTCTGMTAGMTCACCTTTTGTTTTATTCT 
CATGACCACTATTAGTAATATTCATCACTTGACC 


750 


ATTCTATTCAGAATGAG 


751 


CTCATTCTGAATAGAAT 


752 


Ovarian Cancer 

Lys-607-Stop 

AAAtoTAA 


ATAAGCAGCAGTATAAGCAATATGGAACTCGAATTAAATATCC 
ACAATTCAAAAGCACCTAAAAAGAATAGGCTGAGGAGGAAGT 
CTTCTACCAGGCATATTCATGCGCTTGAACTAGTAG 


753 


CTACTAGTTCAAGCGCATGAATATGCCTGGTAGAAGACTTCC 
TCCTCAGCCTAI 1 CI 1 1 1 I AGGTGCTTTTGAATTGTGGATATT 
TAATTCGAGTTCCATATTGCTT ATACTGCTGCTTAT 


754 


AAGCACCTAAAAAGAAT 


755 


ATTCTTTTTAGGTGCTT 


756 


Breast Cancer 
Leu-639-Stop 

TTG to TAG 


ATATTCATGCGCTTGAACTAGTAGTCAGTAGAAATCTAAGCCC 

ACCTMTTGTACTGMTTGCAAATTGATAGTTGTTCTAGCAGT 

GAAGAGATAAAGAAAAAAAAGTACAACCAAATGCC 


757 


GGCAI 1 IGGI IGIACI 1 1 1 1 1 1 ICI 1 IAICICI ICACIGCIAGA 
ACAACTATCAATTTGCAATTCAGTACAATrAGGTGGGCTTAGA 
TTTCTACTGACTACTAGTTCAAGCGCATGAATAT 


758 


TACTGAATTGCAAATTG 


759 


CAA.TTTGCAATTCAGTA 


760 


Breast Cancer 
Asp-693-Asn 
GAC to AAC 


GAACCTGCAACTGGAGCCAAGAAGAGTAACAAGCCAAATGAA 
CAGACAAGTAAAAGACATGACAGCGATACTTTCCCAGAGCTG 
MGTTMCAMTGCACCTGGTTCTTTTACTAAGTGTT 


761 
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Ovarian Cancer 

Glu-720-Stop 

GAAtoTAA 



Breast Cancer 

Glu-755-Stop 

GAAtoTAA 



Breast Cancer 

Ser-770-Stop 

TCAtoTAA 



Breast Cancer 

Val-772-Ala 

GTAtoGCA 




m 



MCACTTAGTAAAAGAACCAGGTGCATTTGTTAACTTCAGCTC 
TGGGAMGTATCGCTGTCATGTCTTnACnGTCTGTTCATTT 
GGCTTGTTACTCTTCTTG GCTCCAGTTGCAGGTTC 

AAAGACATGACAGCGAT 



ATCGCTGTCATGTCTTT 




CTGMGTTMCAAATGCACCTGGTTCTTTTACTAAGTGTTCAA 
ATACCAGTGAACTTAAAGAATTTGTCAATCCTAGCCTTCCAAG 
AGAAGAAAAAGAAGAGAAACTAGAAACAGTTAAAG 

CmMCTGTTTCTAGTTTCTCTTCTTTTTCTTCTCTTGGAAGG 

CTAGGATTGACAAATTCTTTAAGTTCACTGGTATTTGAACACT 
TAGTAAAAGAACCAGGT GCATTTGTTAACnCAG 

AACTTAAAGAATTTGTC 
GACAAATTCTTTAAGTT 

CTAGAAACAGTTAAAGTGTCTAATAATGCTGAAGACCCCAAA 
GATCTCATGTTMGTGGAGAAAGGGTTTTGCAAACTGAAAGA 
TCTGTAGAGAGTAGCAGTATTTCATTGGTACCTGGTA 

TACCAGGTACCAATGAAATACTGCTACTCTCTACAGATCTTTC 
AGTTTGCAAAACCCTTTCTCCACTTAACATGAGATCTTTGGGG 
TCTTCAGCATTATTAGACA CTTTAACTGTTTCTAG 

TAAGTGGAGAAAGGGTT 
AACCCTTTCTCCACTTA 



TCATGTTAAGTGGAGAAAGGGTTTTGCAAACTGAAAGATCTG 

TAGAGAGTAGCAGTATTTCATTGGTACCTGGTACTGATTATG 
GCACTCAGGAAAGTATCTCGTTACTGGAAGTTAGCAC 

GTGCTAACTTCCAGTAACGAGATACTTTCCTGAGTGCCATAA 

TCAGTACCAGGTACCAATGAAATACTGCTACTCTCTACAGAT 
CTTTCAGTTTGCAAAACC CTTTCTCCACTTAACATGA 

CAGTATTTCATTGGTAC 
GTACCAATGAAATACTG 



TAAGTGGAGAAAGGGTTTTGCAAACTGAAAGATCTGTAGAGA 
GTAGCAGTATTTCATTGGJACCTGGTACTGATTATGGCACTC 
AGGAAAGTATCTCGTTACTGGMGTTAGCACTCTAGG 



CCTAGAGTGCTAACTTCCAGTAACGAGATACTTTCCTGAGTG 

CCATAATCAGTACCAGGTACCAATGAAATACTGCTACTCTCTA 
CAGATCTTTCAGTTTGCAAAACCCTTTCTCCAfTrTA 



762 



763 
764 
765 



766 



767 
768 



769 



770 



771 
772 



773 



774 



775 
776 



777 



778 
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• 
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TTCATTGGTACCTGGTA 


779 


TACCAGGTACCAATGAA 


780 


Breast Cancer 
Gln-780-Stop 
CAG to TAG 


ACTGAAAGATCTGTAGAGAGTAGCAGTATTTCATTGGTACCT 
GGTACTGATTATGGCACTCAGGAAAGTATCTCGTTACTGGAA 
GTTAGCACTCTAGGGAAGGCAAAAACAGAACCAAATA 


781 


TATTTGGTTCTGI 1 1 1 1 GCCTTCCCTAGAGTGCTAACTTCCAG 
TAACGAGATACTTTCCTGAGTGCCATAATCAGTACCAGGTAC 
CAATGAAATACTGCTAGTCTCTACAGATCTTTCAGT 


782 


ATGGCACTCAGGAAAGT 


783 


ACTTTCCTGAGTGCCAT 


784 


Breast Cancer 

GIu-797-Stop 

GAAtoTAA 


TATGGCACTCAGGAAAGTATCTCGTTACTGGAAGTTAGCACT 
CTAGGGAAGGCAAAAACAGAACCAAATAAATGTGTGAGTCAG 
TGTGCAGCATTTGAAAACCCCAAGGGACTAATTCATG 


785 


CATGAATTAGTCCCTTGGGGTTTTCAAATGCTGCACACTGAC 
TCACACATnATTTGGTTCTGTTTTTGCCTTCCCTAGAGTGCT 
AACTTCCAGTAACGAGATACTTTCCTGAGTGCCATA 


786 


CAAAAACAGAACCAAAT 


787 


ATTTGGTTCTGTTTTTG 


788 


Breast Cancer 

Lys-820-Glu 

AAAtoGAA 


AAATGT GTGAGTCAGTGTGCAGCATTTGAAAACCCCAAGGGA 
CTAATTCATGGTTGTTCCAAAGATAATAGAAATGACACAGAAG 
GCTTTAAGTATCCATTGGGACATGAAGTTAACCACA 


789 


TGTGGTTMCTTCATGTCCCAATGGATACTTAAAGCCTTCTGT 
GTCATTTCTATTATCTTTGGAACAACCATGAATTAGTCCCTTG 
GGGTTTTCAAATGCTGCACACTGACTCACACATTT 


790 


GTTGTTCCAAAGATAAT 


791 


ATTATCTTTGGAACAAC 


792 


Breast Cancer 

Thr-826-Lys 

ACAtoAAA 


CAGCATTTGAAAACCCCAAGGGACTAATTCATGGTTGTTCCA 
AAGATAATAGAAATGACACAGAAGGCTTTAAGTATCCATTGG 
GACATGAAGTTAACCACAGTCGGGAAACAAGCATAGA 


793 


TCTATGCTTGTTTCCCGACTGTGGTTAACTTCATGTCCCAATG 
GATACTTAAAGCCTTCTGTGTCATTTCT ATTATCTTTGGAACA 

ACCATGMnAGTCCCTTGGGGTTTTCAAATGCTG . 


794 


AAATGACACAGAAGGCT 


795 


AGCCTTCTGTGTCATTT 


796 



r 
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Breast Cancer 

Arg-841-Tjp 

CGGtoTGG 



Breast Cancer 

Pro-871-Leu 

CCGtoCTG 



Breast Cancer 

Leu-892-Ser 

TTAtoTCA 



Breast Cancer 

Gu-908-Stop 

GAAtoTAA 



Breast Cancer 
Gly-960-Asp 
GGC to GAC 



GATMTAGAAATGACACAGMGGCTTTAA6TATCCATTGGGA 
CATGAAGTTAACCACAGTCGGGAAACAAGCATAGAAATGGM 
GAAAGTGAACTTGATGCTCAGTATTTGCAGAATACAT 

ATGT ATTCTGCAAATACTGAGCATCMGTTCACTTTCTTCCAT 

nCTATGCTTGTTTCCCGACTGTGGTTAACTTCATGTCCCAAT 
GGATACTTAAAGCCTTCT GTGTCATTTCTATTATC 

ACCACAGTCGGGAAACA 
TGTTTCCCGACTGTGGT 

AACTTGATGCTCAGTATTTGCAGAATACATTCAAGGTTTCAAA 

GCGCCAGTCATTTGCTCCGTTTTCAAATCCAGGAAATGCAGA 
AGAGGAATGTGCAACATTCTCTGCCCACTCTGGGTC 

GACCCAGAGTGGGCAGAGAATGTTGCACATTCCTCTTCTGCA 

TTTCCTGGATTTGAAAACGGAGCAAATGACTGGCGCTTTGAA 
ACCTTGAATGTAfTCTGC AAATACTGAGCATCAAGTT 

ATTTGCTCCGTTTTCAA 

TTGAAAACGGAGCAAAT 



TTTCAAATCCAGGAAATGCAGAAGAGGAATGTGCAACATTCT 

CTGCCCACTCTGGGTCCTTAAAGAAACAAAGTCCAAAAGTCA 
CTTTTGAATGTGAACAAAAGGMGAAMTCAAGGAAA 

TTTCCTTGATTTTCnCCTTTTGTTCACATrCAAAAGTGACTTT 

TGGACTnGTTTCTTTAAGGACCCAGAGTGGGCAGAGAATGT 
TGCACATTCCTCTTCTGC ATTTCCTGGATTTGAAA 

TGGGTCCTTAAAGAAAC 

GTTTCTTTAAGGACCCA 



CACTCTGGGTCCTTAAAGAAACAAAGTCCAAAAGTCAC7TTTG 
AATGTGAAC AAAAGGAAG AAAATCAAG GAAAG AATGAGTCTA 

ATATCAAGCCTGTACAGACAGTTAATATCACTGCAG 

CTGCAGTGATATTMCTGTCTGTACAGGCTTGATATTAGACTC 
ATTCT7TCCTTGATTTTCTTCCTTTTGTTCACATTCAAAAGTGA 
CTTTTGGACTTTGTTTCT TTAAGGACCCAGAGTG 

AAAAGGAAGAAAATCAA 
TTGATTTTCTTCCTTTT 



797 



ATAATGCCAAATGTAGTATCAAAGGAGGCTCTAGGTTTTGTCT 

ATCATCTCAGTTCAGAGGCAACGAAACTGGACTCATTACTCC 
AMTAAACATGGACTTTTACAAAACCCATATnfiTAT 



798 



801 



802 



806 



809 



810 



811 
812 



813 
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Mom 




AT A AT AT/^/KTTTTmT A AAA (2TPP ATftl 1 1 Al 1 rftfSAftTAA 
A 1 ALviA 1 A 1 bob 1 1 1 lul AAAAo 1 UUA loi I I M i i i ovjno i r\r\ 

TGAGTCCAGTTTCGTTGCCTCTGAACTGAGATGATAGACAAA 
ACCTAGAGCCTCCTTTGATACTACATTTGGCATTAT 


814 


O 1 1 UnvnOvvnAvwVW 


815 


TTTCGTTGCCTCTGAAC 


; 16 


Breast Cancer 
Met-1008-lle 
ATG to ATA 


ATTTGTTAAAACTAAATGTAAGAAAAATCTGCTAGAGGAAAAC 
TTTGAGGAACATTCAATGTCACCTGAAAGAGAAATGGGAAAT 
^A^AArATTrrAARTAnAGTGAGCACAATTAGCCGT 




a r^rv^TA a -rT^T^PTP A PTPT A PTTfif^ A ATOTTPTP AIM PPP. 

ATTTCTCTTTCAGGTGACATTGAATGTTCCTCAAAGTTrTCCT 
CTAGCAGATTTTTCTT ACATTTAGTTTT AACAAAT 




PATT^AATfSTPArrTftA 


819 


TCAGGTGACATTGAATG 


820 


Breast Cancer 
Thr-1025-lle 
ACA to ATA 


ACTTTGAGGAACATTCAATGTCACCTGAAAGAGAAATGGGAA 
ATGAGAACATTCCAAGTACAGTGAGCACAATTAGCCGTAATA 

APATTAfiAftAAAATftTTTTTAAAfiAAfiPCA^TCAAG 


821 


att/> A ^/vp^^^TT^TTT A AAA A ATTTTPTPT A ATf^TTATTAPf^i 

1 CTTGAGCToGUTTLrl I IAAAAAI/AI 1 1 lUIOIAAIol IAI imuo 

GCTAATTGTGCTCACTGTACTTGGAATGTTCTCATTTCCCATT 
TCTCTTTCAGGTGACATTGAATGTTCCTCAAAGT 


Out. 


TPPA AftTA PA^TTSAftPA 


823 


TGCTCACTGTACTTGGA 


824 


Breast Cancer 

Glu-1038-Gly 

GAAtoGGA 

* 


ACATTCCAAGTACAGTGAGCACAATTAGCCGTAATAACATTAG 
AGAAAATGTTTTTAAAGAAGCCAGCTCAAGCAATATTAATGAA 

^TA^^TTrPAnTAPTAATfiAAfiTRRf?CTCCAGTAT 


825 


ataptpp APr*PP APTTP ATTAnTAPTftft A AP^T APTTP ATTAA 
Al Au 1 oviAbUUUAvv 1 1 uA 1 1 no 1 AO 1 Vjwv\u w i i 1 Un I I nft 

TATTGCTTGAGCTGGCTTCTTTAAAAACAI 1 1 1 C TCTAATGTTA 
TTACGGCTAATTGTGCTCACTGTACTTGGAATGT 


826 


TTTTAAAftAAftPrAf5rT 


827 


AGCTGGCTTCTTTAAAA 


828 


Breast Cancer 
Ser-1040-Asn 
AGCtoAAC 


CAAGTACAGTGAGCACAATTAGCCGTAATAACATTAGAGAAA 

ATGTTTTTAAAGAAGCCAGCTCAAGCAATATTAATGAAGTAGG 

TTCCAGTACTAATGAAGTGGGCTCCAGTATTAATGA 


829 


TCATTAATACTGGAGCCCACTTCATTAGTACTGGAACCTACTT 
CAnMTATTGCTTGAGCTGGCTTCTTTAAAMCATTTTCTCTA 
ATGTTATTACGGCTAATTGTGCTCACTGTACTTG 


830 



( r 

v. 
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Breast Cancer 

Vaf-1047-Ala 
GTAtoGCA 



Breast Cancer 
Leu-1080-Stop 
TTG to TAG 



Breast Cancer 
Leu-1086-Stop 
TTAtoTGA 



Breast Cancer 
Ser-1130-Stop 
TCAtoTGA 



AGAAGCCAGCTCAAGCA 831 

TGCTTGAGCTGGCTTCT 

GCCGTMTMCAnAGAGAAMTGTTTTTAAAGAAGCCAGCTC 
AAGC AATATTAATG AAGIAGGTT CCAGTACTAATG AAGTGGG 

CTCCAGTATTAATGAAATAGGTTCCAGTGATGAAAA 

TTTTCATCACTGGAACCTATTTCATTAATACTGGAGCCCACTT 834 

CATTAGTACTGGAACCTACTTCATTAATATTGCTTGAGCTGGC 
TTCTTT AAAAACATTTTCT CTAATGTTATTACGGC 

TAATGAAGTAGGTTCCA 
TGGAACCTACTTCATTA 



AAATAGGTTCCAGTGATGAAAACATTCMGCAGAACTAGGTA 

GAAACAGAGGGCCAAAATTGMTGCTATGCTTAGATTAGGGG 

TTTTGCAACCTGAGGTCTATAAACAAAGTCTTCCTGG 

CCAGGMGACTTTGTTTATAGACCTCAGGTTGCAAAACCCCT 

MTCTMGCATAGCATTCMTTTTGGCCCTCTGTTTCTACCTA 
GTTCTGCTTGAATGTTTT CATCACTGGAACCTATTT 

GCCAAAATTGAATGCTA 
TAGCATTCAATTTTGGC 



AAAACATTCAAGCAGAACTAGGTAGAAACAGAGGGCCAAAAT 
TGMTGCTATGCTTAGATIAGGGGTTTTGCAACCTGAGGTCT 
ATAAACAAAGTCTTCCTGGAAGTAATTGTAAGCATCC 



GGATGCTTACAATTACnCCAGGMGACTTTGTTTATAGACCT 

CAGGTTGCAAAACCCCTAATCTAAGCATAGCATTCAATTTTG 
GCCCTCTGTTTCTACCT A GTTCTGCTTGAATGTTTT 

GCTTAGATTAGGGGTTT 



AAACCCCTAATCTAAGC 



AGCAAGAATATGAAGAAGTAGTTCAGACTGTTAATACAGATTT 
CTCTCCATATCTGATTTCAGATAACTTAGAACAGCCTATGGGA 
AGTAGTCATGCATCTCAGGTTTGTTCTGAGACACC 



GGTGTCTCAGAACAAACCTGAGATGCATGACTACTTCCCATA 

GGCTGTTCTAAGTTATCTGAMTCAGATATGGAGAGAAATCT 

GTATTAACAGTCTGAACTACTTCTTCATATTCTTGCT 



TCTGATTTCAGATAACT 
AGTTATCTGAAATCAGA 



837 



838 



842 



843 



844 



845 



846 
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Breast Cancer 

Lys-lio>Arg 

AAAtoAGA 

* 


CTAGTTTTGCTGAAMTGACATTMGGAMGTTCTGCTGTTTT 
TAGCAAAAGCGTCCAGAAAGGAGAGCTTAGCAGGAGTCCTA 
GCCCTTTCACCCATACACATTTGGCTCAGGGTTACCG 


849 




CGGT AACCCTGAGCCAAATGTGTATGGGTGAAAGGGCTAGG 
ACTCCTGCTMGCTCTCCTTTCTGGACGCTTTTGCTAAAAACA 
GCAGAACTTTCCTTAATGTCAI 1 1 1 CAGCAAAACTAG 


c50 

WW 




CGTCCAGAAAGGAGAGC 


E51 




GCTCTCCTTTCTGGACG 


. 2 


Breast Cancer 
Gln-1 200-Stop 
CAG to TAG 


AGCGTCCAGAMGGAGAGCTTAGCAGGAGTCCTAGCCCTTT 
CACCCATACACATTTGGCTCAGGGTTACCGAAGAGGGGCCA 
AGAAATTAGAGTCCTCAGAAGAGAACTTATCTAGTGAGG 


853 




CCTCACTAGATMGTTCTCTTCTGAGGACTCTAATTTCTTGGC 
CCCTCTTCGGTMCCCTGAGCCAAATGTGTATGGGTGAAAGG 
GCTAGGACTCCTGCTAAGCTCTCCTTTCTGGACGCT 


854 




ATTTGGCTCAGGGTTAC 


855 




GTAACCCTGAGCCAAAT 


856 


Breast Cancer 
Arg-1203-Stop 
CGAtoTGA 


AAAGGAGAGCTTAGCAGGAGTCCTAGCCCTTTCACCCATACA 

CATTTGGCTCAGGGTTACCGAAGAGGGGCCAAGAAATTAGA 

GTCCTCAGAAGAGAACTTATCTAGTGAGGATGAAGAGC 


857 




GCTCTTCATCCTCACTAGATAAGTTCTCTTCTGAGGACTCTAA 
TTTCTTGGCCCCTCTTCGGTAACCCTGAGCCAAATGTGTATG 
GGTGAAAGGGCTAGGACTCCTGCTAAGCTCTCCTTT 


858 

www 




AGGGTTACCGAAGAGGG 


859 




CCCTCTTCGGT AACCCT 


860 


Breast Cancer 

olU-iZ14-otDp 

GAG to TAG 


ACCCATACACATTTGGCTCAGGGTTACCGAAGAGGGGCCAA 
GAAATTAGAGTCCTCAGAAGAGAACTTATCTAGTGAGGATGA 
AGAGCTTCCCTGCTTCCAACACTTGTTATTTGGT AAAG 


861 




CTTTACCAAATAACAAGTGTTGGAAGCAGGGAAGCTCTTCAT 

CCTCACTAGATAAGnCTCTTCTGAGGACTCTAATTTCTTGGC 

CCCTCTTCGGTAACCCTGAGCCAAATGTGTATGGGT 


862 

WW a— 




CCTCAGMGAGAACTTA 


863 




TAAGTTCTCTTCTGAGG 


864 


Breast Cancer 
Glu-1219-Asp 
GAG to GAC 


TCAGGGTTACCGAAGAGGGGCCAAGAAATTAGAGTCCTCAG 
AAGAGAACTTATCTAGTGAGGATGAAGAGCTTCCCTGCTTCC 
MCACTTGTTATTTGGTAAAGTAAACAATATACCTTCT 


865 



f 
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Breast Cancer 
Glu-1221-Stop 
GAAtoTM 



Breast Cancer 
Glu-1250-Stop 
GAG to TAG 



Breast Cancer 
Ser-1262-Stop 
TCAtoTAA 



Breast Cancer 
Gln-1281-Stop 
CAG to TAG 




AGMGGTATATTG1TTACTTTACCAAATAACAAGTGTTGGAAG 
CAGGGAAGCTCTTCATCCTCACTAGATAAGTTCTCTTCTGAG 
GACTCTAATTTCTTGGCC CCTCTTCGGTAACCCTGA 

TCTAGTGAGGATGAAGA 
TCTTCATCCTCACTAGA 

GGTTACC G AAGAGGGGCC AAGAAATTAGAGTC CTC AGAAGA 

GAACTTATCTAGTGAGGATGAAGAGCTTCCCTGCTTCCAACA 
CTTGTTATTTGGTAAAGTAAACAATATACCTTCTCAGT 

ACTGAGAAGGTATATTGTTTACTTT ACCAAATAACAAGTGTTG 
GAAGCAGGGAAGCTCTTCATCCTCACTAGATAAGTTCTCTTC 
TGAGGACTCTAATTTCTTGGCCCCTCTTCGGTAACC 

GTGAGGATGAAGAGCTT 
AAGCTCTTCATCCTCAC 

TTATTTGGTAAAGTAAACAATATACCTTCTCAGTCTACTAGGC 
ATAGCACCGTTGCTACCGAGTGTCTGTCTAAGAACACAGAGG 
AGAATrTATTATCATTGAAGAATAGCTTAAATGACT 

AGTCATTTAAGCTATTCTTCAATGATAATAAATTCTCCTCTGTG 
TTCTTAGACAGACACTCGGTAGCAACGGTGCTATGCCTAGTA 
GACTGAGAAGGTATATTG TTTACTTTACCAAATAA 

TTGCTACCGAGTGTCTG 
CAGACACTCGGTAGCAA 



CTAGGCATAGCACCGTTGCTACCGAGTGTCTGTCTAAGMCA 

CAGAGGAGAATTTATTATCATTGAAGAATAGCTTAAATGACTG 
CAGTAACCAGGTAATATTGGCAAAGGCATCTCAGGA 

TCCTGAGATGCCTTTGCCAATATTACCTGGTTACTGCAGTCAT 
7TAAGCTATTCTTCAATGATAATAAATTCTCCTCTGTGTTCTTA 
GACAGACACTCGGTAG CAACGGTGCTATGCCTAG 

TTTATTATCATTGAAGA 
TCTTCAATGATAATAAA 

TTATCATTGAAGAATAGCTTAAATGACTGCAGTAACCAGGTAA 
TATTGGCAAAGGCATCTCAGGAACATCACCTT AGTGAGGAAA 
CAAAATGTTCTGCTAGCTTGTTTTCTTCACAGTGCA 



TGCACTGTGMGAAAACAAGCTAGCAGMCATTTTGTTTCCTC 

ACTAAGGTGATGTTCCTGAGATGCCTTTGCCAATATTACCTG 
GTTACTGCAGTCATTTAAGCTATTCTTCAATGATAA 



866 



870 



874 



878 



882 
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AGGCATCTCAGGAACAT 


883 


ATGTTCCTGAGATGCCT 


884 


Breast Cancer 
Gln-1313-Stop 
CAGtoTAG 


GCTAGCTTGTTTTCTTCACAGTGCAGTGAATTGGAAGACTrG 

m ^At^AA^Aw AAA A AAA ^A. A AAV A ^Av A ABA\ AAV AMAW A\W ^Ak A AAAAmm>^A\ ^AwAAA^M ^AiA^^^M 

ACTGCAAATACAAACACCCAGGATCCTTTCTTGATTGGTTCTT 
CCAAACAAATGAGGCATCAGTCTGAAAGCCAGGGAG 


885 

• 


CTCCCTGGCnTCAGACTGATGCCTCATTrGTTTGGAAGAAC 

^Av f ^A» ^A# 9 ^Av^^^AT III %^A*# 1 ^AV# • V ^AV 9 \0w * 1 9 1 ^A* 9 9 9 X^ V# W %^AVff W l^jT 

CAATCAAGAAAGGATCCTGGGTG7TTGTATTTGCAGTCMGT 
CTTCCAATTCACTGCACTGTGAAGAAAACAAGCTAGC 




CAAACACCCAGGATCCT 


887 


AGGATCCTGGGTGTTTG 


888 


Breast Cancer 

lle-1318-Val 

ATTtoGTT 


TCACAGTGCAGTGAATTGGAAGACTTGACTGCAAATACAAAC 
ACCCAGGATCCTTTCTTGATTGGTTCTTCCAAACAAATGAGG 
CATCAGTCTGAAAGCCAGGGAGTTGGTCTGAGTGACA 


889 


TGTCACTCAGACCAACTCCCTGGCTTTCAGACTGATGCCTCA 
TTTGTTTGGAAGAACCAATCAAGAAAGGATCCTGGGTGTTTG 
TATTTGCAGTCAAGTCTTCCAATTCACTGCACTGTGA 


890 

wyv 


CTTTCTTGATTGGTTCT 


891 


AGMCCAATCAAGAAAG 


892 


Breast Cancer 
Gln-1323-Stop 
CAAtoTAA 


TTGGAAGACTTGACTGCAAATACAAACACCCAGGATCCTTTC 
TTGATTGGTTCTTCCAAACAAATGAGGCATCAGTCTGAAAGC 
CAGGGAGTTGGTCTGAGTGACAAGGAATTGGTTTCAG 


893 


CTGAAACCAATTCCTTGTCACTCAGACCAACTCCCTGGCTTT 
CAGACTGATGCCTCATTTGTTTGGAAGAACCAATCAAGAAAG 
GATCCTGGGTGTTTGTATTTGCAGTCMGTCTTCCAA 


894 


CTTCCAAACAAATGAGG 


895 


CCTCATTTGTTTGGAAG 


896 


Breast Cancer 

Arg-1347-Gly 

AGAtoGGA 


CAGTCTGAAAGCCAGGGAGTTGGTCTGAGTGACAAGGAATT 
GGTTTCAGATGATGAAGAAAGAGGAACGGGCTTGGAAGAAA 
ATAATCAAGAAGAGCAAAGCATGGATTCAAACTTAGGTA 


897 


TACCTMGmGMTCCATGCTnGCTCTTCTTGAnATTTTCT 
TCCAAGCCCGTrCCTCTTTCTTCATCATCTGAAACCAATTCCT 
TGTCACTCAGACCAACTCCCTGGCTTTCAGACTG 


898 


ATGAAGAAAGAGGAACG 


899 


CGTTCCTCTTTCTTCAT 


900 



( 

WO 01/73002 



WO 01/73002 



t 



( 



-99- 



PCT/US01/09761 



Breast Cancer 
Gln-1395-Stop 
CAG to TAG 



Breast Cancer 
Gln-1408-Stop 
CAG to TAG 



Breast Cancer 

Arg-1443-dy 

CGAtoGGA 

Arg-1443-Stop 
CGAtoTGA 



Breast Cancer 

Ser-1512-lle 

AGTtoATT 



Breast Cancer 
Gln-1538-Stop 
CAG to TAG 



GAAACAAGCGTCTCTGAAGACTGCTCAGGGCTATCCTCTCAG 

AGTGACATTTTAACCACTCAGGTAAAAAGCGTGTGTGTGTGT 

GCACATGCGTGTGTGTGGTGTCCTTTGCATTCAGTAG 

CTACTGAATGCAAAGGACACCACACACACGCATGTGCACACA 

CACACACGCTTTTTACCTGAGTGGTTAAAATGTCACTCTGAG 
AGGATAGCCCTGAGCAG TCTTCAGAGACGCTTGTTTC 

TAACCACTCAGGTAAAA 
TTTTACCTGAGTGGTTA 



TGGTGCCATTTATCGTTTrTGAAGCAGAGGGATACCATGCAA 

CATAACCTGATAAAGCTCCAGCAGGAAATGGCTGAACTAGAA 
GCTGTGTTAGAACAGCATGGGAGCCAGCCTTCTAACA 



TGTTAGAAGGCTGGCTCCCATGCTGTTCTAACACAGCTTCTA 

GTTCAGCCATTTCCTGCTGGAGCTTTATCAGGTTATGTTGCAT 

GGTATCCCTCTGCTTCAA AAACGATAAATGGCACCA 

TAAAGCTCCAGCAGGAA 
TTCCTGCTGGAGCTTTA 



AGCCAGCCTTCTMCAGCTACCCTTCCATCATAAGTGACTCT 
TCTGCCCTTGAGGACCTGCGAAATCCAGAACAAAGCACATCA 
GAAAAAGGTGTGTATTGTTGGCCAAACACTGATATCT 



AGATATCAGTGmGGCCMCMTACACACCTTTTTCTGATGT 

GCTTTGTTCTGGATTTCGCAGGTCCTCAAGGGCAGAAGAGTC 
ACTTATGATGGAAGGGTA GCTGTTAGMGGCTGGCT 

AGGACCTGCGAAATCCA 
TGGATTTCGCAGGTCCT 



CAGAATAGAAACT ACCCATCTCAAGAGGAGCTCATTAAGGTT 

GTTGATGTGGAGGAGCAACAGCTGGAAGAGTCTGGGCCACA 
CGATTTGACGGAAACATCTTACTTGCCAAGGCAAGATC 

GATCTTGCCTTGGCAAGTAAGATGTTTCCGTCAAATCGTGTG 

GCCCAGACTCTTCCAGCTGTTGCTCCTCCACATCAACMCCT 
TAATGAGCTCCTCTTGAG ATGGGTAGTTTCTATTCTG 

AGGAGCAACAGCTGGA A 
TTCCAGCTGTTGCTCCT 



901 



ATCTTTCTAGGTCATCCCCTTCTAAATGCCCATCATTAGATGA 
TAGGTGGTACATGCACAGTTGCTCTGGGAGTCTTCAGAATAG 
AAACTACCCATCTCAAGAGGAGCTCATTMGGTTGT 



902 



905 



906 



909 



910 



913 



914 



917 



r 



WO 01/73002 



PCT/US01/09761 



-100- 





ACAACCTTAATGAGCTCCTCTTGAGATGGGTAGTTTCTATTCT 
GAAGACTCCCAGAGCAACTGTGCATGTACCACCTATCATCTA 
ATGATGGGCATTTAGAAGGGGATGACCTAGAAAGAT 


918 




CATGCACAGTTGCTCTG 


919 




CAGAGCAACTGTGCATG 


? 0 


Breast Cancer 

Glu-1541-StoD 
GAG to TAG 


CAGMTAGAAACTACCCATCTCAAGAGGAGCTCATTAAGGTT 
GTTGATGTGGAGGAGCAACAGCTGGAAGAGTCTGGGCCACA 
CGATTTGACGGAAACATCTTACTTGCCAAGGCAAGATC 


921 




GATCTTGCCTTGGCAAGTAAGATGTTTCCGTCAAATCGTGTG 
GCCCAGACTCTTCCAGCTGTTGCTCCTCCACATCAACAACCT 
TAATGAGCTCCTCTTGAGATGGGTAGTTTCTATTCTG 


922 




AGGAGCAACAGCTGGAA 


923 




TTCCAGCTGTTGCTCCT 


924 


Breast Cancer 

Thr-1561-lle 

1 111 1 wU 1 IIC 

ACCtoATC 


AACTACCCATCTCAAGAGGAGCTCATTAAGGTTGTTGATGTG 
GAGGAGCAACAGCTGGMGAGTCTGGGCCACACGATTrGAC 
GGAAACATCTTACTTGCCAAGGCAAGATCTAGGTAATA 


4%. 4%. flR» 

925 




TATTACCTAGATCTTGCCTTGGCAAGTAAGATGTTrCCGTCAA 
ATCGTGTGGCCCAGACTCTTCCAGCTGTTGCTCCTCCACATC 
AACAACCTTAATGAGCTCCTCTTGAGATGGGTAGTT 


926 




AGCTGGAAGAGTCTGGG 


927 




CCCAGACTCTTCCAGCT 


A 4** A 

[ 928 


Breast Cancer 

Tvr-1 563-Stoo 

1 j 1 1 www VJWp 

TACtoTAG 


TTTGT AATTCAACATTCATCGTTGTGTAAATTAAACTTCTCCCA 
TTCCTTTCAGAGGGAACCCCTrACCTGGMTCTGGAATCAGC 
CTCTTCTCTGATGACCCTGAATCTGATCCTTCTGA 


929 




TCAGAAGGATCAGATTCAGGGTCATCAGAGAAGAGGCTGATT 

CCAGATTCCAGGTAAGGGGTTCCCTCTGAAAGGAATGGGAG 

MGTTTAATTTACACAACGATGAATGTTGMTTACAAA 


930 




AGAGGGAACCCCTTACC 


931 




GGTAAGGGGTTCCCTCT 


AAA 

932 


Breast Cancer 
Leu-1564-Pro 
CTG to CCG 


CMCAnCATCGTTGTGTAAATTAAACTTCTCCCATTCCTTTC 

AGAGGGAACCCCTTACCIGGAATCTGGMTCAGCCTCTTCTC 

TGATGACCCTGAATCTGATCCTTCTGAAGACAGAGC 


933 




GCTCTGTCTTCAGAAGGATCAGATTCAGGGTCATCAGAGAAG 

AGGCTGATTCCAGATTCCAGGTMGGGGTTCCCTCTGAAAG 

GAATGGGAGAAGTTTAATTTACACAACGATGAATGTTG 


934 



r 



WO 01/73002 



C 



-101- 



PCT/US01/09761 



Breast Cancer 
Gln-1604-Stop 
CAAtoTAA 



Breast Cancer 

Lys-1606-Glu 

AAAtoGAA 



Breast Cancer 

Met-1628-Thr 

ATGtoACG 



Breast Cancer 

Met-1628-Val 

ATGtoGTG 



CCCTTACCTGGAATCTG 
CAGATTCCAGGTAAGGG 

TCTGCATTGAAAGTTCCCCMTTGAAAGTTGCAGMTCTGCC 
CAGAGTCCAGCTGCTGCTCATACTACTGATACTGCTG 

CAGCAGTATCAGTAGTATGAGCAGCAGCTGGACTCTGGGCA 

GATTCTGCMCTTTCMTTGGGGAACTTTCMTGCAGAGGTT 
GAAGATGGTATGTTGCC MCACGAGCTGACTnTftr^y 

MGTTCCCCAATTGAAA 

TTTCAATTGGGGAACTT 



SS ^^l^^CAACATACCATCTTCAACCTCTGCA 

nGAAAGTTCCCCAAnGAAAGnGCAGAATCTGCCCAGAGT 
CCAGCTGCTGCTCATACTACTGATACTGCTGfifiTATA 



™£ C f AGCAGTATCACTAGTAT ^G^^ 

?^^!I CTGCAA ^ CAAnGGG ^CTrTCMTGCAG 
AGGTTGAAGATGGTATGT TGCCAACACGAGCTPiArrp 

CCCAATTGAAAGTTGCA 

TGCAACTTTCAATTGGG 



?IH GGGTATAATGCAA I GGAAG ^ G TGTGAGCAGGGAG 
^CCAGMTTGAC^CTTCMCAGAAAGGGTCMCAA 



TTGTTGACCCTTTCTGTrGMGCTGTCAATTCTGGCTTCTCCC 

I^^^^^TrGCAnATAOICAGCAGTATCAGT 
AGTATGAGCAGCAGCTG GACTCTGGGCAGATTfrra 

TAATGCAATGGAAGAAA 



TTTCTTCCATTGCATTA 



G ^^I2 TGCCCAGAGTCCAGCTGCTGCT CATACTACTGAT 

ACTGCTGGGTATMTGCAATGGAAGAAAGTGTGAGCAGGGA 

GMGCCAGMTTGACAGCTTCAACAGAAAGGGTCAAC A 

TGTTGACCCTrTCTGTTGAAGCTGTCAAnCTGGCnCTCCCT 
GCTCACACTTTCTTCCATTGCATTATACCCAGCAGTATCAGTA 
GTATGAGCAGCAGCTGG AC1 LTGGGCAGATTCTGC 

ATAATGCAATGGAAGAA 



938 



942 



945 



946 



947 



950 



951 



c 



r 



WO 01/73002 



PCT/USO 1/09761 



-102- 




x-v::-:->.v 



TTCTTCCATTGCATTAT 



952 



Breast Cancer 
Pro-1637-Leu 
CCAtoCTA 



CTCATACTACTGATACTGCTGGGTATAATGCAATGGAAGAAA 
GTGTGAGCAGGGAGAAGCCAGAATTGACAGCTTCAACAGAA 
AGGGTCAACAAMGMTGTCCATGGTGGTGTCTGGCCT 



AGGCCAGACACCACCATGGACAnCTTTTGTTGACCCTTTCT 

GTTGMGCTGTCMTTCTGGCTTCTCCCTGCTCACACTTTCTT 

CCATTGCATTATACCCAGCAGTATCAGTAGTATGAG 



GGAGAAGCCAGAATTGA 



TCAATTCTGGCTTCTCC 



953 



954 



t'5 



C 56 



Breast Cancer 
MeM652-lie 
ATG to ATA 



Breast Cancer 
Glu-1694-Stop 
GAG to TAG 



GAGCAGGGAGAAGCCAGAATTGACAGCTTCAACAGAAAGGG 
TCMCAAMGAATGTCCATGGT GGTGTCTGGCCTGACCCCAG 
AAGAATTTGTGAGTGTATCCATATGTATCTCCCTAATG 



CATTAGGGAGATACATATGGATACACTCACAAATTCTTCTGG 

GGTCAGGCCAGACACCACCATGGACATTCTTTTGTTGACCCT 

TTCTGTTGAAGCTGTCAATTCTGGCTTCTCCCTGCTC 



ATGTCCATGGTGGTGTC 



GACACCACCATGGACAT 



CACTTCCTGAI [TTGTn I CAACTTCTAATCCTTTGAGTGTTTT 
TCATTCTGCAGATGCTGAGTTTGTGTGTGAACGGACACTGAA 
ATATTTTCTAGGAATTGCGGGAGGAAAATGGGTAG 



CTACCCATTTTCCTCCCGCAATTCCTAGAAAATATTTCAGTGT 
CCGTTCACACACAAACTCAGCATCTGCAGAATGAAAAACACT 
CAAAGGATTAGAAGTTGAAAACAAAATCAGGAAGTG 



CAGATGCTGAGTTTGTG 



CACAAACTCAGCATCTG 



957 



958 



959 



950 



961 



962 



963 



964 



Breast Cancer 

Gly-1706-Glu 

GGAtoGAA 



GTG 1 1 1 1 1 CATTCTGCAGATGCTGAGTTTGTGTGTGAACGGA 
CACTGAMTATTTTCTAGGAATTGCGGGAGGAAAATGGGTAG 
TTAGCTATTTCTGTAAGTATAATACTATTTCTCCCCT 



AGGGGAGAAATAGTATTATACTTACAGAAATAGCTMCTACCC 
ATTTTCCTCCCGCAATTCCTAGAAMTATTTCAGTGTCCGTTC 
ACACACAAACTCAGCATCTGCAGAATGAAAAACAC 



TTTTCTAGGAATTGCGG 



CCGCAATTCCTAGAAAA 



965 



966 



967 



968 



r 



WO 01/73002 



- 103- 



PCT/US01/09761 



Breast Cancer 
Ala-1 708-Glu 
GCGtoGAG 



Breast Cancer 
VaM713-AJa 
GTA to GCA 



Breast Cancer 

Trp-1718-Stop 
TGG to TAG 



Breast Cancer 
Glu-1725-Stop 
GAAtoTAA 



Breast Cancer 
Lys-1727-Stop 
AAAtoTAA 



I!S^!H GCAGAT ^ TC ^ GTTTGTGT GTGAACGGACACTGA 

AATATTTTCTAGGAATTGCGGGAGGAAAATGGGTAGTTAGCT 
ATTTCTGTAAGTATMTACTATTTCTCCCCTCCTCCC 

ACTACCCATTnCCTCCCGCMnCCTAGAAMTAmCAGTG 
TCCGTTCACACACAMCT CAGCATCTGCA^^vCaa 

AGGAATTGCGGGAG GAA 

TTCCTCCCGCAATTCCT 



969 



970 



S^^ GTCTCT ^ c ^CACTGAMTATmCTAGGAAT 

GAAMTATTTCAGTGTCC GTTCACACACAAAnT^fi 
AAAATGGGTAGTTAGCT 
AGCTAACTACCCATTTT 



973 



974 



AACGGACACTGAMTATTTTCTAGGAATTGCGGGAGGAAAAT 
CCTCCCTTTAACACCTCAGAATTGCATTTTTAnAm 



977 



^^^Z? CAAnCT ^GCT(^AMGGGAGGAGGGG 

AGAMTAGTATTATACTTACAGAAATAGCTAACTACCCATTTTC 
CTCCCGCMTTCCTA(3A AMTAmCAGTGTr^^ AT1TTC 

CTATTTCTGTAAGTATA 

TATACTTACAGAAATAG 

^I G £ TGTATGTAACCTGTCmCTAT ^TCTCTTTAGGGG 

T^CCCAGTCTAnAAAGAAAGAAAAATGCTGAATGAGGTAA 
GTACTTGATGTTACAAACTAACCAGAGATATTCATT 



978 



^^I^^^^^AACATCMCTACTTACCTC 

ATTCAGCATTTTTCTTTCTTTAATAGACTGGGTCACCCCTAAA 
GAGATCATAGAAAAGAC AGGTTACATACAGOAfiAA 

CTATTAAAGAAAGAAAA 
TTTTCTTTCTTTAATAG 



I5IiI G I AACCTGTCTTTr CTATGATCTCTTTAGGGGTGACCC 

AG ][^ A iy i ^ G ^ GA ^ A ^ T GCTGMTGAGGTMGTACTTG 
ATGTTACAAACTAACCAGAGATATTnATTrACTrA 



982 



WO 01/73002 PCT7US01/09761 

-104- 



iniriiiiipil 








T/^ APT/^ A ATf^A ATATPTPTriCTTA/TrnYTTA Af^ATPAA^TAPT 

TACCTCATTCAGCATTTTTCTTTCTTTAATAGACTGGGTCACC 
CCTAAAGAGATCATAGAAAAGACAGGTTACATACA 


yoo 


AAGAAAGAAAAATGCTG 


987 


CAGCATTTTTCTTTCTT 


°88 


Breast Cancer 

Pro-1749-Arg 

CCAtoCGA 


TCTTTCAGCATGATTTTGAAGTCAGAGGAGATGTGGTCAATG 
GAAGAAACCACCAAGGTCCAAAGCGAGCAAGAGAATCCCAG 
GACAGAMGGTAAAGCTCCCTCCCTCAAGTTGACAAAA 


939 


1 1 1 1 ^TPAAPTTCA^^^A^^^A^ % ! I 1'APPI 1 1 PT/TTPPTfcO 

GATTCtCnGCTCGCTTTGGACCTTGGTGGTTTCTTCCATTGA 
CCACATCTCCTCTGACTTCAAAATCATGCTGAAAGA 


yyu 


CCAAGGTCCAAAGCGAG 

WW#V»W W 1 W W nnnw yvjnu 


991 


CTCGCTTTGGACCTTGG 


992 


Breast Cancer 
Arg-1751-Stop 
CGAtoTGA 


CAGCATGATTTTGAAGTCAGAGGAG T GTGGTCAATGGAAGA 
AACCACCAAGGTCCAAAGCGAGCAAjAGAATCCCAGGACAG 

AAAGGTAMGCTCnCTCGrTCAAGTrGArAAAAATfTTr 

nnnvjvj i rv\nv3v i www i www I wnnu i • w^wrwwA i w ■ w 


993 


P A /"* ATTTTTPTP A A PTTf* A PfV* A OPP A /^PTTT A OPTTTPT/^T 

CCTGGGATTCTCnGCTCGCTTTGGACCTTGGTGGTTTCnC 
CATTGACCACATCTCCTCTGACTTCAAAATCATGCTG 


994 




QQ5 

999 


TCTTGCTCGCTTTGGAC 


996 


Breast Cancer 
Qn-1756-Stop 
CA6 to TAG 


gtcagaggagatgtggtcaatggmgaaaccaccaaggtcc 
aaagcgagcaagagaatcccaggacagaaaggt aaagctcc 

CTCCCTCMGTTGACAAAMTCTCACCCCACCACTCTGT 

w 1 www 1 wnnw 1 1 Wf^WrWW^ 1 w 1 wnwuwwnwvHw 1 w 1 w 1 


997 


h^hClhfTTfcflTtmmJmmfltTrClhflh 1 1 1 I 1 A2TPA A pity* a fir s r , A OP^P 

AGCTnACCTTTCTGTCCTGGGATTCTCTTGCTCGCTTTGGA 
CCTTGGTGGTTTCTTCCATTGACCACATCTCCTCTGAC 


99o 


GAGAATCCCAGGACAGA 


999 

999 


TCTGTCCTGGGATTCTC 


1000 


Breast Cancer 
Met-1775-Arg 
ATG to AGG 


CTCTCTTCTTCCAGATCTTCAGGGGGCTAGAAATCTGTTGCT 
ATGGGCCCTTCACCAACATGCCCACAGGTAAGAGCCTGGGA 
GAACCCCAGAGTTCCAGCACCAGCCTTTGTCTTACATA 


1001 


TATGTAAGACAAAGGCTGGTGCTGGAACTCTGGGGTTCTCCC 

AGGCTCTTACCTGTGGGCATGTTGGTGAAGGGCCCATAGCA 

ACAGATTTCTAGCCCCCTGAAGATCTGGAAGAAGAGAG 


1002 



WO 01/73002 



( 



-105- 



PCT/US01/09761 



Breast Cancer 
Trp-1782-Stop 
TGGtoTGA 



Breast Cancer 
Gln-1785-His 
CAG to CAT 



Breast Cancer 
Glu-1794-Asp 
GAG to GAT 



Breast Cancer 
Arg-1835-Stop 
CGAtoTGA 



CACCMCAIGCCCACAG 
CTGTGGGCATGTTGSTft 



^7/^13^ ^^^^^^^^ATCT AAATGTCCATT 

TTA^TCMCTGGMTGSATGGTACAGCTGTGTGGTGCTTCT 
£GGJGAAGGAGCTTTCATCATTCACCCTTGGCACA 



1003 
1004 



CATTTAGATGTAAAATCAC TGCAGT AATCTGEATArrr 
CTGGAATGGATGGTACA 

JGTACCATCCATTCCAG 



TGGAATGGATGGTACAGCTGTGTGGTGCTTCTGTGGTGMG 
GAGCTTTCATCATTCACCCTTGGCACAGTAAGTATT 

AATACTTACTGTGCCMGGGTGAATGATGAAAGCTCCTrCAC 

^?^^ CCACACAG ^^CATCCATTCCAGnGATC 
TAAAATGGACATTTAGATG TAAAATCACTGCAnTAAT 

ATGGTACAfiCTGTGTGG 



1005 



1006 



CCACACAGCTGTACCAT 



GTCCATTTTAGATCAACTGGAATGGATGGTACAGCTGTGTGG 
I^IIS™I^ GGAeCmCATCATTCAC CCTTGGCAC 
AGT AAGTATTGGGTGCCCTGTCAGAGAGGGAGGACAC 

^TS^^^^C^CACCCMTACTTACTGTGCC 

^S^^G^GCTCCTTCACCACAGAAGCACCACA 
CAGCTGTACCATCCATTC CAGTTGATCTAAAAT^AP 

GTGMGGAGCTTTCATC 

GATGAAAGCTCCTTCAC 

CTCTGCTTGTGTTCTCTGTCTCCAGCAATTGGGCAGATGTGT 
^^Gp^pCTGTGGTGACCCGAGAGTGGGTGTTGGACAGTGT 
AGCACTCTACCAGTGCCAGGAGCTGGACACCTACCTGA 

TCAGGTAGGTGTCCAGCTCCTGGCACTGGTAGAGTGCTACA 
CTGTCCMCACCCACTCTCGGGTCACCACAGGTGCCTCACA 
CATCTG£CCAATTGCTGGAGACAGAGMCACMGCAGAG 



1010 



1014 



TGGTGACCCGAGAGTGG 
CCACTCTCGGGTCACCA 



1018 



1019 
1020 



c. c 

WO 01/73002 " PCT/US01/09761 

-106- 



iiiiiiiiiolPIl 




Isiiil 


Breast Cancer 
Trp-1837-Arg 
TGG to CGG 


TTGTGTTCTCTGTCTCCAGCAATTGGGCAGATGTGTGAGGCA 
CCTGTGGTGACCCGAGAGIGGGTGTTGGACAGTGTAGCACT 
CTACCAGTGCCAGGAGCTGGACACCTACCTGATACCCC 


1021 


GGGGTATCAGGTAGGTGTCCAGCTCCTGC^^ 

GCTACACTGTCCAACACCCACTCTCGGGTCACCACAGGTGC 
CTCACACATCTGCCCAATTGCTGGAGACAGAGAACACAA 


1022 


CCCGAGAGTGGGTGTTG 


1023 


CAACACCCACTCTCGGG 


1024 


Breast Cancer 
Trp-1837-Stop 
TGG to TAG 

■ 


TGTGTTCTCTGTCTCCAGCAATTGGGCAGATGTGTGAGGCAC 
CTGTGGTGACCCGAGAGTGGGTGTTGGACAGTGTAGCACTC 
TACCAGTGCCAGGAGCTGGACACCTACCTGATACCCCA 


1025 


TGGGGTATCAGGTAGGTGTCCAGCTCCTGGCACTGGTAGAG 
TGCTACACTGTCCAACACCCACTCTCGGGTCACCACAGGTG 
CCTCACACATCTGCCCMTTGCTGGAGACAGAGAACACA 


1026 


CCGAGAGTGGGTGTTGG 


1027 


CCAACACCCACTCTCGG 


1 3 



Table 15 

BRCA2 Mutations and Genome-Correcting Oliqos 







Mil 


Breast cancer 

PHE32LEU 

TTTtoCTT 


Gl I AAAAC I AAGG I GGGAI 1 1 1 1 1 1 1 1 IAAAIAGAI I IAGGAC 

CMTMGTCTTAATTGGTnGAAGAACTTTCTTCAGAAGCTCC 

ACCCTATAATTCTGAACCTGCAGAAGAATCTGAAC 


1029 


GTTCAGATTCTTCTGCAGGTTCAGAATTATAGGGTGGAGCTT 
CTGAAGAAAGTTCTTCAAACCAATTAAGACTTATTGGTCCTAA 
ATCTATTTAAAAAAAAMTCCCACCTTAGTTTTAAC 


1030 


TTAATTGGTTTGAAGAA 


1031 


TTCTTCAAACCAATTAA 


1032 


Breast cancer 

TYR42CYS 

TATtoTGT 


TAGAmAGGACCAATAAGTCTTAATTGGTTTGAAGAACTTTC 
TTCAGAAGCTCCACCCTATAATTCTGAACCTGCAGAAGAATC 
TGAACATAAAAACAACAATTAC 3AACCAAACCTATT 


1033 



WO 01/73002 



( 



-107- 



PCI7US01/09761 



Breast cancer 

LYS53ARG 

AAAtoAGA 



Breast cancer 
Phe81Leu 
TTC to CTC 



Breast cancer 
TRP194TERM 
TGG to TAG 



Breast cancer 
PRO201ARG 
CCAtoCGA 




MTAG^3mGGTTCGTMlTGTTGTTTTTATGTTCAGATTCTTC 

TGCAGGTTCAGAATTATAGGGTGGAGCTTCTGMGAAAGTTC 
TTCAAACCAATTAAGACT TATTGGTCCTAAATCTA 

TCCACCCTATAATTCTG 

CAGAATT ATAGGGTGGA 



AAGAACTTTCTTCAGAAGCTCCACCCTATAAnCTGAACCTGC 
AGAAGMTCTGMCATAAAAACAACAATTACGAACCAAACCTA 
TTTAAAACTCCACAAAGGAAACCATCTTATAATCA 

TGATTATMGATGGmCCmGTGGAGTTTTAMTAGGTTTG 

GTTCGTMnGTTGTTTTTATGTTCAGATTCTTCTGCAGGTTC 
AGAATTATAGGGTGGAG CTTCT GAAGAAAGTTCTT 

TGAACATAAAAACAACA 

TGTTGTTTTTATGTT C A 



CTATTTAAAACTCCACAAAGGAAACCATCTTATAATCAGCTGG 

CTTCAACTCCMTAATATTCAAAGAGCAAGGGCTGACTCTGC 

CGCTGTACCAATCTCCTGTAAAAGAATTAGATAAAT 

iIIJ^ CTMnCTTTTACAGGAGATTG GTACAGCGGCAGAGT 

CAGCCCTTGCTCTTTGAATATTATTGGAGTTGAAGCCAGCTG 
ATTATMGATGGTTTCCT TTGTGGAGTnTAAATAfi 

CAATAATATTCAAAGAG 
CTCTTTGAATATTATTG 



S™H ACCMMCATAmCTGAAAGT CTAGGAGCTGAGG 

I^I^ GATATGTC1TGGTG AAGTTCTTTAGCTACACCACC 
CACCCTTAGTTCTACTGTGCTCATAGGTMTAATAG 

CTATTATTACGTATGAGCACAGTAGAACTAAGGGTGGGTGGT 

GTAGCTAAAGAACTTGACCAAGACATATCAGGATCCACCTCA 
GCTCCTAGACTTTCAGA AATATGTTTTGGTGTnTf^Ar; 

TATGTCTTGGTCAAGTT 

AACTTGACCAAGACATA 



CTGAAAGTCTAGGAGCTGAGGTGGATCCTGATATGTCTTGGT 

^?n2 mAGCTACACeACCCACCC ^ AG TTCTACTGTGCT 
CATAGGTAATAATAGCAAATGTGTATTTACAAGAAA 



1034 



1035 
1036 



TTTCTTGTAAATACACATTTGCTATTATTACCTATGAGCACAGT 

AGAACTAAGGGTGGGTGGTGTAGCTAAAGAACTTGACCAAGA 
CATATCAGGATCCACCTCAGCTCCTAfiAnTTTrA^ 



1037 



1038 



1039 
1040 



1041 



1042 



1045 



1046 



1050 



c c 

WO 01/73002 PCT/US01/09761 

-108- 







Pill 




AGCTACACCACCCACCC 


1051 


GGGTGGGTGGTGTAGCT 


1052 


Breast cancer 

Pro222Ser 

CCTtoTCT 


ACMTACACATAMTTTTTATCTTACAGTCAGAMTGAAGMG 
CATCTGAAACfGTATTTCCTCATGATACTACTGCTGTAAGTM 
ATATGACATTGATTAGACTGTTGAAATTGCTAACA 


1053 

• 


lul 1 AVJwnn III vAnwnu 1 V/ 1 r\A 1 \sr\r\ I 0 1 On 1 /a 111 nl; 1 1 nUM 

GCAGTAGTATCATGAGGAAATACAGTTTCAGATGC7TCTTCAT 
TTCTGACTGTAAGATAAAAATTTATGTGT ATTGT 


IUO*f 


CTGTATTTCCTCATGAT 


1055 

1 www 


ATCATGAGGAAATACAG 


1056 


Breast cancer 
Leu-414-Term 
TTG to TAG 

- 


AATGGTCTCAACTAACCCTTTCAGGTCTAAATGGAGCCCAGA 
TGGAGAAAATACCCCTATIGCATATTTCTTCATGTGACCAAAA 
TATTTCAGAAAAAGACCTATTAGACACAGAGAACAA 


1057 


TTmTrTrTfiTCTfTAATAfy^Tn 1 1 1 IPTftAAATAI 1 i IfflTTP 

ACATGAAGAAATATGCAATAGGGGTATTTTCTCCATCTGGGC 
TCCATTTAGACCTGAAAGGGTTAGTTGAGACCATT 


IUOO 


ACCCCTATTGCATATTT 


1059 

1 Www 


AAATATGCAATAGGGGT 


1060 


Breast cancer, male 
Cys554Trp 
TGT to TGG 


AGCCTCTGAMGTGGACTGGAAATACATACTGTTTGCTCACA 
GAAGGAGGACTCCTTATGTCCAMTTTAATTGATAATGGAAG 
CTGGCCAGCCACCACCACACAGAATTCTGTAGCTTTG 


1061 


CATTATCAATTAAATTTGGACATAAGGAGTCCTCCTTCTGTGA 
GCAAACAGTATGTATTTCCAGTCCACTTTCAGAGGCT 


1U0Z 


TCCTTATGTCCAAATTT 


1063 

1 www 


AAATTTGGACATAAGGA 


1064 


Breast cancer 

Lys944Term 

AAAtoTAA 


AACTCTACCATGGTTTTATATGGAGACACAGGTGATAAACAA 
GCMCCCMGTGTCMTTAAAAAAGATTTGGTTT ATGTTC7TG 
CAGAGGAGAACAAAAATAGTGTAAAGCAGCATATAA 


1065 


1 IAIAIGCIGCI 1 IACACIAI 1 1 1 f Gl ICICCICIGCAAGAAC 
ATAAACC AAATC 1 1 1 1 1 1 MTTGACACTTGGGTTGCTTGTTTAT 
CACCTGTGTCTCCATATAAAACCATGGTAGAGTT 


1066 

1 WWW 


TGTCAATTAAAAAAGAT 


1067 


ATCI 1 1 1 1 IAATTGACA 


1068 



( 

WO 01/73002 

PCTAJS01/09761 

-109- 



Mutation 



•V.'-M'-V.V. 



Breast cancer, male 

Glu1320Term 

GAAtoTAA 



Breast cancer 
Glu1876Term 
GAA to TAA 



Breast cancer 
Ser1882Term 
TC A to TAA 



Breast cancer 
Glu1953Term 
GAAtoTAA 



Breast cancer 
Ser1970Term 
TCA to TAA 



ATGACTACTGGCACTTTTGTTGAAGAAATTACTGAAAAnACA 

^^^ CTG ^ T ^ M ^ TMCAAA TATACTGCTGCCAG 
TAGAAATTCTCATMCTTAGAATTTGATGGCAGTG 

APTaIttt^xtI ^^^^^ 

AGTAATTTCTTCAACAAA AGTGCCAGTAGTC.AT 
CTGAAAATGAAGATAAC 
GTTATCTTCATTTTCAG 



1069 



1070 



5^I^?^ nAA ^ CTGAMGACATA " r n'ACAGACAGTT 

TCA^TAAAGTAATTAAQSAAAACAAOGAGAATAAA*FCAAAAAT 
TTGCCAAACGAAAATTATGGCAGGTTGTTACGAGG 

CCTCGTMCMCCTGCCATMTTTTCGTTTGGCAMTTTTTGA 

S^SS3I? meCKMmCmACTG ^CTGTCTG 
TAMTATGTCTTTCACTT TTTTAATTGTTTCATC 

TAATTAAGGAAAACAAC 

GTTGTTTTCCTTAATTA 



1073 



1074 



I?^? A ^™ CA ^ CAG ^ CAGTAMGT AAnAAGGA 

AAACAACGAGAATAAATCAAAAATTTGCCAAACGAAAATTATG 
GCAGGTTGnACGAGGCATTGGATGATTrAfiA^^A 



1077 



TC^GGCAMTTTnGAmATTCTCGTTGTTTTCCTTAATT 
ACTTTACTGAAACTGTCTGTAAATATGTfyTTTPA ,U - MMTr 



GAATAAATCAAAAATTT 
AAATJTTTGATTTATTC 



1079 
1080 



S A ^I?II AGmGeAAAC ^ CAGATATA TGTAAATGTAG 
TATAGGGAAGCTTCATAAGTCAGTCTCATnT^AA 



1081 



TTAGAAACTTTCTCCAAT CCAGACATATTTTfifiTT 
TTAGTTT GG AAACT TC A 

TGAAGTTTCCAAACTAA 



1082 



a^ZI^ A ]^ - A ^ G ^ GGAAA ^ A ^GT GGGATTTTT 

AGCACAGCAAGTGGAAAATCTGTr.nA^TATrA^^ 



I 

PCTAJS01/09761 

110- 









• 


TAT^ AT A A A O A ! ' 1 I ! A AT 1 AftT/NT/>^TA AAA 

TCTGATACCTGGACAGAl 1 1 ICCACTTGCTGT6CTAAAAATCC 
CACAAGTATTrGCAGATGAGACTGACTTATGAAGCTTCCCTAT 
ACTACATTTACATATATCTGAAGI I ICCAAACTAA 


1086 


PTP APTPTP ATPTPP A A 
vj 1 LrMo 1 u 1 UA 1 U 1 OwAA 


lUOf 


TTGCAGATGAGACTGAC 


1088 


Breast cancer 
Gln1987Term 
CAG to TAG 


AAGTCAGTCTCATCTGCAAATACTTGTGGGA 1 1 1 1 IAGCACAG 
CAAGTGGAAAATCTGTCCAGGTATCAGATGCTTCATTACAAAA 

Cflf* A. Aft APA A PTP 1 T 1 1 PTP A A ATAP A AP ATAPTA 
OoOAAoAUAAlJ 1 u 1 1 1 1 o 1 w\AA 1 A UAAoA 1 Ao 1 A 


1089 


TACTATCTTCTAT7TCAGAAMCACTTGTCTTGCGTTTTGTAAT 

GAAGCATCTGATACCTGGACAGATTTTCCACTTGCTGTGCTA 
AAAATCCCACAAGTATTTGCAGATGAGACTGACTT 


A AAA 

1090 


A ATPTPTPP APPT ATP A 
AA lulol L/U Avjo 1 A 1 UA 


iuyi 


TGATACCTGGACAGATT 


1092 


Breast cancer 

Aia2466Val 

GCAtoGTA 


AAAATAAGATTAATGACAATGAGATTCATCAGTTTAACAAAAA 
CAACTCCAATCAAGCAGCAGCTGTAACTTTCACAAAGTGTGA 

APA APA A PPTTT A PPT ATTPT ATP APA ATTTOTPTP 

Ab AAliAAlA* 1 1 lAbblAI 1 Val Al ViALAAl 1 lolblb 


1093 


AV A A^ AAA ^^^^^^^^^^ A A A^, * A a A^MM AAA AW AW A 4^ A Ak A AM 

CACACAAATTGTCATACAATACCTAAAGGTTCTTCTTCACACT 
TTGTGAAAGTTACAGCTGCTGCTTGATTGGAGTTGTTTTTGTT 
AAACTGATGAATCTCATTGTCATTAATCTTAT 1 IT 


A Ah 4k A 

1094 






TTACAGCTGCTGCTTGA 


1096 


Breast cancer 
Arg2520Term 
CGAtoTGA 


AGGCAACGCGTCTTTCCACAGCCAGGCAGTCTGTATCTTGCA 
AAAACATCCACTCTGCCTSGAATCTCTCTGAAAGCAGCAGTA 

PP APPPP A A PTPPPPTPTPPPTpTPPTP ATA A AP APP 
v3oAoouuAAv3 1 UUUU 1 U 1 JjUu 1 U 1 UU 1 OA 1 AAAOAoo 


1097 


CCTGTTTATGAGGACACGCAGAGGGGACTTGGCCTCCTACT 

GCTGCTTTCAGAGAGATTCGAGGCAGAGTGGATGTTTTTGCA 

AGATACAGACTGCCTGGCTGTGGAAAGACGCGTTGCCT 


1098 


PTPTPPPTPP A ATPTPT 
U 1 Lr 1 oLf U 1 UoAA IwlU! 


■moo 

iuyy 


AGAGATTCGAGGCAGAG 


1100 


Breast cancer 
Gln2714Term 
CAAtoTAA 

* * 


atttcattgagcgcaaatatatctgaaacttctagcaataaaa 
ctagtagtgcagatacccaaaaagtggccattattgaactta 
cagatgggtggtatgctg™ ggcccagttagatc 


1101 


GATCTAACTGGGCCTTAACAGCATACCACCCATCTGTAAGTT 

cmtmtggccactttttgggt ATCTGCACTACTAGTTTTATT 

GCTAGAAGTTTCAGATATATTTGCGCTCAATGAAAT 


1102 



c 

WO 01/73002 



WO 01/73002 



C 



-111- 



PCT/US01/09761 



Breast cancer 
Leu2776Term 
TTAtoTGA 



Breast cancer 
Gln2893Tenm 
CAGtoTAG 



Breast cancer 

Ala2951Thr 

GCCtoACC 



Breast cancer 
Met3118Thr 
ATG to ACG 



CAGATACCCAAAAAGTG 
CACTTTTTGGGT ATCTG 

GGTAAAAATCAGTCATTGATTCAGTTAAATTnTAnA 



mm 



^I^™ CT ^ TCAATGACTGATTTT TACCAAGAGTG 

TCTTATGTTAAAGATTT 
AAATCTTTAACATAAGA 



ACGTGCACTAACAAGAeAGCAAGTTCGTGCnTGCAAGATGG 
TGCAGAGCmATGMGCAGTGM^TGCAGCAG 

CAMGCACGMCTTC^TGTCTTGTTAGTGCACGTGATGGTM 
ATATGGTTTTGnGTGTT TTCTAAGAAAAnAAAAr,rr 

TAACAAGACAGCAAGTT 



AACTTGCTGTCTTGTTA 
^™ GAG ^ CA ^^ 

rA?ZI^ A ^ A Z^^^ GAAG - GGA ^ GGAA ^^ G ^GAACAAAAG 
GAA p_AAGGTTTATCAAGGGATGTCACAACCGTGTGGA 



2^f^ CT ^ CATCC ^^TAMCCTTGTTCCTTTTG 

^G^TTCCATGGCCTTCCTMmCCMCTGGATCTGA 
GCTTGTTTCTTATCATTCA ACATTTGCCTGTPiATT 

7TAGGAAGGCCATGGAA 



1103 



1106 



1110 



1114 



1115 



1116 



^1™^^^ 1117 
TGGCGACCAGAATCCAAATCAGGCCTTCTTACTrT 



1118 



WO 01/73002 V PCI7US01/09761 

-112- 



iiiifsiiiifiwiiliii 






Breast cancer 

Thr3401Met 

ACGtoATG 


GACTGAAACGACGTTGTACTACATCTCTGATCAAAGAACAGG 

AGAGTTCCCAGGCCAGTACGGAAGAATGTGAGAAAAATAAGC 

AGGACACAATTACAACTAAAAAATATATCTAAGCATT 


1121 


AATflCTTAflATATAI I It 1 1 AGTTflTAATTfiTflTrrTfinTTATT 

ha I ww I i AuA inini i i M i a\j i J w l rv\ 1 lUlul ww 1 ww 1 Inl 1 

TTTCTCACATTCTTCCGTACTGGCCTGGGAACTCTCCTGTTCT 
TTGATCAGAGATGTAGTACAACGTCGTTTCAGTC 




GGCCAGTACGGAAGAAT 


1123 


ATTCTTCCGTACTGGCC 


1124 


Breast cancer 

lle3412Val 

ATTtoGTT 


AAAGAACAGGAGAGTTCCCAGGCCAGTACGGAAGAATGTGA 
GAAAAATAAGCAGGACACAATTACAACTAAAAAATATATCTAA 
GCATTTGCAAAGGCGACAATAAATTATTGACGCTTAA 


1125 


TTAAGCGTCAATAATTTATTGTCGCCTTTGCAAATGCTTAGAT 
ATAI 1 1 1 1 1 AGTTGTMTTGTGTCCTGCTTATTTTTCTCACATT 
CTTCCGTACTGGCCTGGGAACTCTCCTGTTCTTT 


1126 


AGGACACAATTACAACT 


1127 


AGTTGTAATTGTGTCCT 


1128 



EXAMPLE 9 
Cystic Fibrosis - CFTR 

Cystic fibrosis is a lethal disease affecting approximately one in 2,500 live Caucasian 
births and is the most common autosomal recessive disease in Caucasians. Patients with this disease 
have reduced chloride ion permeability in the secretory and absorptive cells of organs with epithelial cell 
linings, including the airways, pancreas, intestine, sweat glands and male genital tract This, in turn, 
reduces the transport of water across the epithelia. The lungs and the Gl tract are the predominant organ 
systems affected in this disease and the pathology is characterized by blocking of the respiratory and Gl 
tracts with viscous mucus. The chloride impermeability in affected tissues is due to mutations in a specific 
chloride channel, the cystic fibrosis transmembrane conductance regulator protein (CFTR), which 
prevents normal passage of chloride ions through the cell membrane (Welsh et al., Neuron, 8:821-829 
(1992)). Damage to the lungs due to mucus blockage, frequent bacterial infections and inflammation is 
the primary cause of morbidity and mortality in CF patients and, although maintenance frcrapy has 
improved the quality of patients 1 lives, the median age at death is still only around 30 years. There is no 
effective treatment for the disease, and therapeutic research is focused on gene therapy using 



r ( 

WO 01/73002 



PCT/US01/09761 
-113- 



exogenous transgenes in viral vectors and/or activating the defective or other chloride channels in the cell 
membrane to normalize chloride permeability (Tizzano etal., J. Pediat, 120:337-349 (1992)). However, 
the death of a teenage patient treated with an adenovirus vector carrying an exogenous CFTR gene in ' 
clinical trials in the late 1990's has impacted this area of research. 

The oligonucleotides of the invention for correction of the CFTR gene are attached as a 



table. 



Table 16 

CFTR Mutati ons and Genome-Correcting Oligns 



Cystic fibrosis 

Ala46Asp 

GCTtoGAT 



Cystic fibrosis 
Ser50Tyr 
TCT to TAT 



Congenital absence of 
vas deferens 
Glu56Lys 
GAA-AAA 



AAGGATACAGACA6CGCCTGGAA7TGTCAGACATATACCAM 
TCCCTTCTGTTGATTCTGCTGACAATCTATCTGAAAAATTGGA 
AAGGTATGTTCATGTACATTGTTTAGTTGAAGAGAG 

CTCTCTTCMCTAMCMTGTACATGMCATACCTTTCCAATTT 

TTCAGATAGATTGTCAGCAGAATCAACAGAAGGGATTTGGTA 
TATGTCTGACAATTCCAG GCGCTGTCTGTATCCTT 

TGATTCTGCJGACAATC 
GATTGTCAGCAGAATCA 

AGCGCCTGGAATTGTCAGACATATACCAAATCCCTTCTGTTG 
ATTCTGCTGACAATCTATCTGAAAAATTGGAAAGGTATGTTCA 
TGTACATTGTTTAGTTGAAGAGAGAAATTCATAT TA 

TAATATGAA TTTCTC TCTTCAACT AAACAATGTACATGAACATA 

CCTTTCCMTTTTTCAGATAGATTGTCAGCAGAATCAACAGAA 
GGGATTTGGTATATGTC TGACAATTCCAGGCGCT 

CAATCTATCTGAAAAAT 



ATTTTTCAGATAGATTG 



AGGACAACTAAAATATTTGCACATGCAACTTATTGGTCCCACT 
TTTTATTCTTTTGCAGAGAATGGGATAGAGAGCTGGCnCAAA 
GAAAAATCCTAAACTCATTAATGCCCTTCGGCGA T 

ATCGCCGMGGGCAnMTGAGTTTAGGATTTTTCTTTGAAGC 

CAGCTCTCTATCCCATTCrCTGCAAAAGAATAAAAAGTGGGA 
CCMTMGTTGCATGTGC AAATATTTTAGTTGTCCT 

TTTGCA6AGAATGGGAT 
ATCCCATTCTCTGCAAA 



1129 



1130 



1134 



1137 



1138 



WO 01/73002 PCMJS01/09761 

-114- 



Cystic fibrosis 

Trp57Qy 

TGGtoGGG 




AGGACAACTAAAATATTTGCACATGCAACTTATTGGTCCCACT 
TTTTATTCTTTTGCAGAGMTGGGATAGAGAGCTGGCTTCAAA 
GAAAAATCCTAAACTCATTAATGCCCTTCGGCGAT 



ATCGCCGMGGGCATTMTGAGTTTAGGATnTTCTTTGAAGC 

CAGCTCTCTATCCCATTCTCTGCAAAAGAATAAAAAGTGGGA 

CCAATAAGTTGCATGTGCAAATATTTTAGTTGTCCT 



TTTGCAGAGAATGGGAT 



ATCCCATTCTCTGCAAA 



Cystic fibrosis 

Trp57Term 

TGGtoTGA 



MCTAAMTATTTGCACATGCAACTTATTGGTCCCACTTTTTAT 
TCTTTTGC AGAGAATGGGATAGAGAGCT GGCTTC AAAGAAAA 

ATCCTAMCTCATTAATGCCCTTCGGCGATGTTTT 



AAAACATCGCCGAAGGGCATTAATGAGTTT AGGATTTTTCTTT 
GAAGCCAGCTCTCT ATCCCATTCTCTGCAAAAGAATAAAAAGT 
GGGACCAATAAGTTGCATGTGCAAATATTTTAGTT 



AGAGAATGGGATAGAGA 



TCTCTATCCCATTCTCT 



1141 



1142 



1143 



1144 



1145 



1146 



1147 



1148 



Congenital absence of 
vas deferens 
Asp58Asn 
GATtoAAT 



ACTAAAATATTTGCACATGCAACTTAnGGTCCCACTTTTTATT 
CTTTTGCAGAGMTGGGATAGAGAGCTGGCTTCAAAGAAAAA 
TCCTAMCTCATTMTGCCCTTCGGCGATGTTTTT 



AAAAACATCGCCGAAGGGCATTAATGAGTTT AGGATTTTTCTT 

TGAAGCCAGCTCTCTATCCCATTCTCTGCAAAAGAATAAAAAG 
TGGGACCAATAAGTTGCATGTGCAAATATTTTAGT 



GAGAATGGGATAGAGAG 



CTCTCTATCCCATTCTC 



Cystic fibrosis 
Glu60Term 
GAG to TAG 



ATATnGCACATGCMCTTAnGGTCCCACTTTTTATTCTTTTG 
CAGAGAATGGGATAGAGAGCTGGCTTCAAAGAAAAATCCTAA 
ACTCATTAATGCCCTTCGGCGAT G 1 1 1 1 1 IC TGGA 



TCCAGAAAAMCATCGCCGAAGGGCATTAATGAGTTTAGGAT 
TTTTCTTTGAAGCCAGCTCTCTATCCCATTCTCTGCAAAAGAA 
TAAAAAGTGGGACCAATAAGTTGCATGTGCAAATAT 



GGGATAGAGAGCTGGCT 



AGCCAGCTCTCTATCCC 



1149 



1150 



1151 



1152 



1153 



1154 



1155 



1156 



WO 01/73002 



< 



( 



-115- 
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.4 



Cystic fibrosis 

Pro67Leu 

CCTtoCTT 



Cystic fibrosis 
Arg74Trp 

CGGtoTGG 



I^II£^ GAAAAATC CTAMCTCATrAATGCCCTTCGGC 
GATGTTTTTTCTGGA GATTTATGTTCTATGfiAATrrrT 

GGGCATTMTGAGTTTAGGATTTTTCTTTGAAGCCAGCTCTCT 
ATCCCATTCTCTGCAAM GMTAAAMGTfi^Arr^ 

GAAAAATCCTAAACTCA 
TGAGTTTAGGATTTTTC 

I?A C ^™ TGG ^ TA ^ GCTGOT CAAAGAAAAATCCT 
AA^CATTMTGCCCTTC(3GC^TGTTTmC 
TGTTCTATGGAATCTTTTTATATTTAGRfifiTAA^A * 



1157 



1158 



1159 



1160 



Congenital absence of 
vas deferens 
ARG75GLN 
CGAtoCAA 



CCAGAAAAMCATCGCCGMGGGCArTMTGAGTTTAGGATT 
TTTCTTTGAAGCCAGCTC TCTATCCCATTnTrT^A 17 

ATGCCCTTCGGCG ATGT 
ACATCGCCGAAGGGCAT 



1161 



1162 



Cystic fibrosis 

Arg75Leu 

CGAtoCTA 



GAGAATGGGATAGAGAGCTGGCTTCAAAGAAAAATCCTAAAC 

(SATTTTTCTTTGAAGCCA GCTCTCTATnnr ATTrrr ™ G 
CCTTCGGCGATGTTTTT 

AAAAACATCGCCGAAGG 



1165 



1166 



CTATGGAATCTTTTTATATTTAGGGGTAAr^ATrTr 



Cystic fibrosis 

Arg75Term 

CGAtoTGA 



GATTTTTCTTTGAAGCCA GCTCTCTATnnnArrrTP 
CCTTCGGCGATGTTTTT 

AAAAACATCGCCGAAGG 



1170 



^3^?^^^^^^^^^^^^ ^^CTTCAAAGAAAAATCCTAAA 
TCTATGGMTCTTTTTATAT TTAfiflftftTA Arcr; at^t 



1173 



C C 

WO 01/73002 PCT/US01/09761 

-116- 







53y ^vW'iX'^ 


• 


AftATPPTTAPPPPTAAATATAAAAAftATTPPATAftAAPATAAA 

MOM 1 U w 1 1 nvvwv 1 MMM 1 M 1 MMMMMOM 1 1 UwA 1 MOMML/M 1 MMM 

TCTCCAGAAAAAACATCGCCGAAGGGCATTAATGAGTTTAGG 
ATTTTTCTTTGAAGCCAGCTCTCTATCCCATTCTCT 


117A 


CCCTTCGGCGATGTTTT 


1175 

1 1 1 w 


AAAACATCGCCGAAGGG 


1176 


Cystic fibrosis 

Gly85du 

GGAtoGAA 


AAMTCCTAMCTCAnMTGCCCTTCGGCGATGTTTTTTCTG 
GAGATTTATGTTCTATGGAATCT 1 1 T 1 ATATTTAGGGGTAAGG 
ATCTCATTTGTACATTCATTATGTATCACATAACT 


1177 


ACTTATCTftATAPATAATftAATCTAPAAATftAftATPPTTAPPP 
MO 1 1 M 1 0 1 On 1 nvo 1 MM 1 OMM 1 O 1 MOMMMl OMOM 1 1 1 ML»UO 

CTAAATATAAAAAGATTCCATAGAACATAAATCTCCAGAAAAA 
ACATCGCCGAAGGGCATTAATGAGTTTAGGA 1 1 1 1 


117ft 


GTTCTATGGAATCTTTT 


1179 

• 1 f w 


AAAAGATTCCATAGAAC 


1180 


Cystic fibrosis 
Gly85Val 
GGA to GTA 


AAAATCCTAAACTCATTAATGCCCTTCGGCGATG 1 1 1 1 1 ICTG 
GAGATTTATGTTCTATGGMTCTTTTTATATTTAGGGGTAAGG 
ATCTCATTTGTACATTCATTATGTATCACATAACT 


1181 


A (TTT LTCrrnL AT A P ATA ATf2 A ATCT A P A A ATfc A ATPPTT A PPP 
Ao 1 1 A 1 o 1 oA I AOA 1 MM 1 oAA i o 1 AUAAA 1 oAoA 1 Uu 1 J AlrOU 

CTAAATATAAAAAGATTCCATAGAACATAAATCTCCAGAAAAA 
ACATCGCCGAAGGGCATTAATGAGTTTAGGA 1 1 1 1 




GTTCTATGGAATCTTTT 

V»J 1 1 V/ 1 f \ 1 vUnn • W 1 1 1 1 


1183 

1 1 WW 


AAAAGATTCCATAGAAC 


1184 


Cystic fibrosis 

Leu88Ser 

TTAtoTCA 


AACTCATTAATGCCCTTCGGCGATG 1 1 1 i 1 1 CTGGAGATTTAT 
GTTCTATGGAATC 1 1 1 1 lATATTTAGGGGTAAGGATCTCATTT 
GTACATTCATTATGTATCACATAACTATATGCATT 


1185 


AATftPATATA(TTTATCTftATAPATAATftAATttTAPAAATftAftA 

MM 1 Own 1 M 1 MO 1 1 M 1 0 1 OM l MV^M 1 MM 1 OMM 1 0 1 MwMMM 1 OMOM 

TCCTTACCCCTAAATATAAAAAGATTCCATAGAACATAAATCT 
CCAGAAAAAACATCGCCGAAGGGCATTAATGAGTT 


11 ftfi 


AATCI 1 1 ITATATTTAG 

rv» l \J l l l l ■ t% l r\ III 


1187 

1 IUI 


CTAAATATAAAAAGATT 


1188 


Cystic fibrosis 

Phe87Leu 

TTTtoCTT 


CCTAAACTCATTAATGCCCTTCGGCGATG 1 1 1 1 1 1 CTGGAGAT 

TTATGTTCTATGGMTCTTTTTATATTTAGGGGTAAGGATCTC 

ATTTGTACATTCATTATGTATCACATAACTATATG 


1189 


CATATAGTTATGTGATACATAATGAATGTACAAATGAGATCCT 
TACCCCTAAATATAAAAAGATTCCATAGAACATAAATCTCCAG 
AAAAAACATCGCCGAAGGGCATTAATGAGTTTAGG 


1190 



(. c 

WO 01/73002 

PCT/US01/09761 

-117- 




Cystic fibrosis 

Leu88Term 

TTAtoTGA 



Cystic fibrosis 

Leu88Term 

TTAtoTAA 



Cystic fibrosis 
Gly91Arg 
6GG to A6G 



CysSc fibrosis 
Gln98Arg 

CAGtoCGG 





ATGGAATCTTTTTATAT 
ATATAAAAA GATTCCAT 

?JI«T^ G ^^ ^^ ATA ^ACGGGTAAGGATCTCATTT 
GTACATTCATTATGTATCACATAACTATATGCATT 

^I^^J^^^^^^^^^^^^^^^ACAAATGAGA 

TCCTTACCCCTAAATATAAAAAGATTCCATAGAACATAAATCT 
CCA(3AAAAMCATCGC CGMGGGCATTMT(tA^ C 

MTCTTTTTATATTTAG 

CTAAATATAAAAAGATT 



AACTCATTAATGCCCTTCGGCGATGTTTTTTCTGGAGATTTAT 

^™^ TC ^ ATAmAG( ^ GTAA GGATCTCATTT 
GTACATTCAfTATGTATCACATAACTATATGCATT 



TCCTTACCCCT AAATATAAAAAGATTCCATAGAACATAAATCT 
CCAGAAAAAACATCGC CGAAGGGCATTAATQAOTT 

MTCTTTTTATATTTAG 

CTAAATATAAAAAGATT 



ATTATGTATCACATAACTATATGCATTTTTGTGAT 
A T? A £ AAAAATGC ^^^ 

a^I G ^ G ^^^ A ^ G ^^ AAA ^ A ^ AAAAAGA ^ g ^ a TAGAAC 
ATAMTCTCCAGAAAAAA CATCGCCGAAGGfinATT 

TATATTTAGGGGTAAG G 
CCTTACCCCTAAATATA 



1191 
1192 



1193 



1194 



1195 
1196 



1197 



1198 



1199 



1200 



1201 



1202 



1203 



1204 



MTAMTGAAATTTMTTTCTCTGTTTTTCCCCTTTTGTAGGAA 
GTCACCAAAGCAGTACAGCCTCTCTTACTGGGAAGAATCATA 
^CTTCCTATGACCCGGATAACAAGGAGGAACGCTC 



GAGCGnCCTCCTTGTTATCCGGGTCATAGGMGCTATGATT 

?ir c £2i GTMGA ^^ 

AAMGGGGAAAAACAGAGAAATTAAATTTCATTTATT 



1205 



1206 



c c 

WO 01/73002 PCT/US01/09761 

-118- 



ChmcaTPhenotype $ 




PflOSt 


Cystic fibrosis 

Gln98Term 

CAG-TAG 


AMTAMTGAMmMmCTCTGTimCCCCTmGTAGGA 
AGTCACCAAAGCAGTACAGCCTCTCTTACTGGGAAGAATCAT 
AGCTTCCTATGACCCGGATMCAAGGAGGAACGCT 


1209 




AGCGTTCCTCCTTGTTATCCGGGTCATAGGAAGCTATGATTC 
TTCCCAGTAAGAGAGGCTGTACTGCTTTGGTGACTTCCTACA 
AMGGGGAAAMCAGAGAMTTAAATTTCATTTATTT 


1210 




AAGCAGTACAGCCTCTC 


1211 




GAGAGGCTGTACTGCTT 


1212 


Cystic fibrosis 

Ser108Phe 

TCCtoTTC 


CCCTTTTGTAGGAAGTCACCAAAGCAGTACAGCCTCTCTTAC 
TGGGAAGAATCATAGCTTCCT ATGACCCGGATAACAAGGAGG 
AACGCTCTATCGCGATTTATCTAGGCATAGGCTTATG 


1213 




CATAAGCCTATGCCTAGATAAATCGCGATAGAGCGTTCCTCC 
TTGTTATCCGGGTCATAGGAAGCTATGATTCTTCCCAGTAAG 
AGAGGCTGTACTGCTTTGGTGACTTCCTACAAAAGGG 


1214 




CATAGC7TCCTATGACC 


1215 




GGTCATAGGAAGCTATG 


1216 


Cystic fibrosis 

Tyr109Cys 

TATtoTGT 


1TTTGTAGGAAGTCACCAAAGCAGTACAGCCTCTCTTACTGG 

GAAGAATCATAGCTTCCTATGACCCGGATAACAAGGAGGAAC 

GCTCTATCGCGA7TTATCTAGGCATAGGCTTATGCCT 


1217 




AGGCATAAGCCT ATGCCTAGATAAATCGCGATAGAGCGTTCC 

TCCTTGTTATCCGGGTCATAGGAAGCTATGATTCTTCCCAGT 

AAGAGAGGCTGTACTGCTTTGGTGACTTCCTACAAAA 


1218 




AGCTTCCT ATGACCCGG 


1219 




CCGGGTCATAGGAAGCT 


1220 


Cystic fibrosis 

AspHOHis 

GACtoCAC 


TTGTAGGAAGTCACCAAAGCAGTACAGCCTCTCTTACTGGGA 
AGMTCATAGCTTCCTATGACCCGGATAACAAGGAGGAACGC 
TCTATCGCGATTTATCTAGGCATAGGCTTATGCCTTC 


1221 




GAAGGCATAAGCCTATGCCTAGATAAATCGCGATAGAGCGTT 
CCTCCTTGTTATCCGGGTCATAGGAAGCTATGATTCTTCCCA 
GTAAGAGAGGCTGTACTGCTTTGGTGACTTCCTACAA 


1222 




CTTCCTATGACCCGGAT 


1223 




ATCCGGGTCATAGGAAG 


1224 



WO 01/73002 



v.. 



( 



-119- 



PCT/US01/09761 



tr.\t'.t 



Congenital absence of 
vas deferens 
Pro111 Leu 
CCG to CTG 



Cystic fibrosis 
Arg117Cys 
CGC to TGC 



Cystic fibrosis 

Arg117His 

CGCtoCAC 



Cystic fibrosis 

Arg117Leu 

CGCtoCTC 



Tr^rA^-^^^^^^^^^^^^^^^TGGGAAGAA 
1^!^ ^^ T ^^CCGGATMCMGGAGGMCGCTCTA 
TCGCGAmATCTAGGCATAGGCTTATGCCnCTCTT 

AAGAGAAGGCATAAGCCTATGCCTAGATAAATCGCGATAGAG 

CGTTCCTCCTTGTTATCCGGGTCATAGGMGCTATGATTCTT 
CCCAGTMGAGAGGCTGTA CTGCTTTGm^AnrrvT 

CTATGACCCGGATAACA 
TGTTATCCGGGTCATAG 

GTACAGCCTCTCTTACTGGGAAGAATCATAGCTTCCTATGAC 

AGGAAGCTATGATTCTTCC CAGTAAGAGAfifir!TrsTAr 
AGGAGGAACGCTCTATC 
GATAGAGCGTTCCTCCT 

TAGGCTTATGCCTTCTCTTTATTGTGAGGACACTGCT 

AGCAGTGTCCTCACAATAAAGAGMGGCATAAGCCTATGCCT 

AGATAAATCGCGATAGAGCGTTCCTCCTTGTTATCCGGGTCA 
TAGGMGCTATGATTCTTC CCAGTMGAfiAfir^CTA 

GGAGGAACGCTCTATCG 
CGATAGAGCGTTCCTCC 

TACAGCCTCTCTTACTGGGAAGAATCATAGCTTCCTATGACC 
J^GCTTATGCCTTCTCTTTATTGTGAGGACACTGCT 



rs 



y. y<-\ 



^^l CGC ^ TAGAG£GTTCCTCC1TG TTATCCGGGTCA 
TAGGAAGCTATGATTCTTCCCAGTAAGAGAfiGnTCTA 



GGAGGAACGCTCTATCG 
CGATAGAGCGTTCCTCC 



1225 



1226 



1227 



1228 
1229 



1230 



1234 



1238 



c c 
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>•»** i •** "*>**"•>* v ♦ *'*.%•, 
:>:- ■.-.?:;.:>::>>; 


Cystic fibrosis 
Arg117Pro 
CGC to CCC 


TACAGCCTCTCTTACTGGGAAGMTCATAGCTTCCTATGACC 

CGGATAACAAGGAGGAACGCTCTATCGCGATTTATCTAGGCA 

TAGGCTTATGCCTTCTCTTTATTGTGAGGACACTGCT 


1241 




AGCAGTGTCCTCACAATAAAGAGAAGGCATAAGCCTATGCCT 
AGATAAATCGCGATAGAGCGTTCCTCCTTGTT ATCCGGGTCA 
TAGGAAGCTATGATTCTTCCCAGTAAGAGAGGCTGTA 


1242 




GGAGGAACGCTCTATCG 


1243 




CGATAGAGCGTTCCTCC 


1244 


Cystic fibrosis 

Ala120Thr 

GCG-ACG 


CTCTTACTGGGAAGAATCATAGCTTCCT ATGACCCGGATAAC 
AAGGAGGAACGCTCTATCGCGAnTATCTAGGCATAGGCTTA 
TGCCTTCTCTTTATTGTGAGGACACTGCTCCTACACC 


1245 




GGTGTAGGAGCAGTGTCCTCACAATAAAGAGAAGGCATAAG 
CCTATGCCTAGATAAATCGCGATAGAGCGTTCCTCCTTGTTA 
TCCGGGTCATAGGAAGCTATGA7TCTTCCCAGT AAGAG 


1246 




GCTCTATCGCGATTTAT 


1247 




ATAAATC GCGATAGAGC 


1248 


Cystic fibrosis 

Tyr122Term 

TATtoTAA 


GGGAAGAATCATAGCTTCCTATGACCCGGATMCAAGGAGGA 

ACGCTCTATCGCGATTTAICTAGGCATAGGCTTATGCCTTCT 

CTTTATTGTGAGGACACTGCTCCTACACCCAGCCATT 


1249 


■ 


AATGGCTGGGTGTAGGAGCAGTGTCCTCACAATAAAGAGAA 
GGCATAA ' CCTATGCCTAGATAAATCGCGATAGAGCGTTCCT 
CCTTGTT/ XGGGTCATAGGAAGCTATGATTCTTCCC 


1250 




GCGATTTATCTAGGCAT 


1251 




ATGCCTAGATAAATCGC 


1252 


Cystic fibrosis 

Gty126Asp 

GGC-GAC 


TAGCTTCCTATGACCCGGATAACAAGGAGGAACGCTCTATCG 
CGATnATCTAGGCATAGGCnATGCCTTCTCTTTATTGTGAG 
GACACTGCTCCTACACCCAGCCATTTTTGGCCTTCA 


1253 




TGAAGGCCAAAAATGGCTGGGTGTAGGAGCAGTGTCCTCAC 
AATAAAGAGAAGGCATAAGCCTATGCCTAGATAAATCGCGAT 
AGAGCGTTCCTCCTTGTTATCCGGGTCATAGGAAGCTA 


1254 




AGGCATAGGCTTATGCC 


1255 




GGCATAAGCCTATGCCT 


1256 



WO 01/7J002 



( 
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Cystic fibrosis 
His139Arg 
CAC to CGC 



Cystic fibrosis 
AJa141Asp 
GCC to GAC 



Cystic fibrosis 
He148Thr 
ATT to ACT 



Cystic fibrosis 

Gly149Arg 

GGAtoAGA 




TCGCGATTTATCTAGGCATAGGCnATGCCTTCTCTTTATTGT 

GAGGACACTGCTCCTACACCCAGCCATTTTTGGCCTTCATCA 
CATTGGMTGCAGATGAGAATAGCT ATGTTTAGTTT 

o^^^^^^^^^^^ AT ^^^^^^TGTGATGAA 

GGCCAAAAATGGCTGGGTGTAGGAGCAGTGTCCTCACAATA 
AAGAGAAGGCATAAGCCT ATGCCTAGATAAATnnn^A 

GCTCCTACACCCAGCCA 
TGGCTGGGTGTAGGAGC 

TJTATCT AGGCATAGGCTTATGCCTTCTCTTTATTGTGAGGAC 

ACTGCTCCTACACCCAGCCATTTTTGGCCTTCATCACATTGG 
AATGCAGATGAGAATAGCTATGTTTAGTTTGATTTA 



ACAATAAAGAGAAGGCA TAAGCCTATGCCTAGATAAA 
ACACCCAGCCATTTTTG 

CAAAAATGGCTGGGTGT 

GCCTTCTCmATTGTGAGGACACTGCTCCTACACCCAGCCA 
TTTTTGGCCTTCATCACATTGGAATGCAGATGAGAATAGCTAT 
GTTTAGTTTGATTTATAAGAAGGTAATACTTCCTTG 

CMGGMGTAmCCTTCTTATAMTCAAACTAMCATAGCTA 

7TCTCATCTGCATTCCAATGTGATGAAGGCCAAAAATGGCTG 
GGTGTAGGAGCAGTGTC CTCACAATAAAGAfiAAnry 

TCATCACAJTGGMTGC 

GCATTCCAATGTGATGA 



CTTCTCTTTATTGTGAGGACACTGCTCCTACACCCAGCCATTT 

IT^^ T ^ CAn fi^ T GCAGAT(3AGMTAGCTATGTT 
TAGTTT GATTTATAAGAAGGTAATACTTCCTTGCA 

TATTCTCATCTGCAnCCAATGTGATGAAGGCCAAAAATGGCT 
GGGTGTAGGAGCAGTGT CCTCACAATAAAGAfiAAr; 

ATCACATTGGAATGCAG 

CTGCATTCCAATGTGAT 



1257 



1258 



1262 



1266 



1270 
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CMwfl Phenotype & 






Cysticfibrosis 

Gln151Term 

CAGtoTAG 


I 1 Inl lol UnOOnLMv 1 \J\* 1 wis 1 nUnUUUnOvwA Mill OOU 

CTTCATCACATTGGAATGCAGATGAGAATAGCTATG 1 1 IAGTT 
TGATTTATAAGAAGGTAATACTTCCTTGCACAGGCC 




GGCCTGTGCAAGGAAGTATTACCTTCTTATAAATCAAACTAAA 
CATAGCTATTCTCATCTGCATTCCAATGTGATGAAGGCCAAAA 
ATGGCTGGGTGTAGGAGCAGTGTCCTCACAATAAA 


1274 


TTGGAATGCAGATGAGA 


1275 


TCTCATCTGCATTCCAA- 


1276 


Cystic fibrosis 

Lys166Glu 

AAG-GAG 


A ATATATnTTTA 1 1 1 1 fZTTTfTTTfcA A ATTATPTA APTTTPPATTT 

nClTTTAGACTTTAAAGCTGTCAAGCCGTGTTCTAGATAAAA 
TMGTATTGGACAACTTGTTAGTCTCCTTTCCA 


HI 1 


TGGAMGGAGACTAACAAGTTGTCCAATACTTATTTTATCTAG 

AACACGGCTTGACAGCTTTAAAGTCTAAAAGAAAAATGGAAA 

GTTAGATAATTTCAACAAACAAAATACAAATATATT 


1278 


AGACTTTAAAGCTGTCA 


1279 


TGACAGCTTTAAAGTCT 


1280 


Cystic fibrosis 

lle175Val 

ATA-GTA 


TT ATPT A A PTTTPf* A 1 1 1 II P 1 1 1 1 APAP ITTA A A f^OTCTP A A 

CCGTGTTCTAGATAAAATAAGTATTGGACAACTTGTTAGTCTC 
CTTTCCAACAACCTGAACAAATTTGATGAAGTAT 




ATACTTCATCAMTTTGTTCAGGTTGTTGGAAAGGAGACTAAC 
AAGTTGTCCAATACTTATTTTATCTAGAACACGGCnGACAGC 
TTTAAAGTCTAAAAGAAAAATGGAAAGTTAGATAA 


1282 


TAGATAAAATAAGTATT 


1283 


AATACTTATTTTATCTA 


1284 


Cystic fibrosis 

Gly178Arg 

GGAtoAGA 


TTTPPA 1 1 II IPI 1 II A^APTTTA A AOPTfTTP A A^PPfTriTTTPT 

AGATAAAATAAGTATTGGACAACTTGTT AGTCTCCTTTCCAAC 
AACCTGAACAAATTTGATGAAGTATGTACCTATT 


! 1 £OU 


MTAGGTACATACTTCATCAAATTTGTTCAGGTTGTTGGAAAG 
GAGACTAACAAGTTGTCCAATACTTA 1 1 1 IATCTAGAACACGG 
CTTGACAGCTTTAAAGTCTAAAAGAAAAATGGAAA 


1286 


TAAGTATTGGACAACTT 


1287 


AAGTTGTCCAATACTTA 


1288 


Cystic fibrosis 

His199Gln 

CATtoCAG 


MGATACMTGACACCTGTTTTTGCTGTGCTTnATTTTCCAG 
GGACTTGCATTGGCACATTTCGTGTGGATCGCTCCTTTGCAA 
GTGGCACTCCTCATGGGGCTAATCTGGGAGTTGTTA 


1289 
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( 



r 
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Cystic fibrosis 
His199Tyr 
CAT to TAT 



Cystic fibrosis 

Pro205Ser 

CCTtoTCT 



Cystic fibrosis 

Leu206Trp 

TTGtoTGG 



Cystic fibrosis 

Gln220Term 

CAGtoTAG 




AGGAGCGATCCACACGAAATGTGCCAATGCAAGTCCCTGGA 
AAATAAAAGCACAGCAAA AACAGGTGTCATTfiTATPTT 

TTGGCACAJTTCGTGTG 

CACACGAAATGTGCCAA 



mi 

mm 



GGMGATACMTGACACCTGTTTTTGCTGTGCTTTTATTTTCC 
AGGGACTTGCATTGGCACATTTCGTGTGGATCGCTCCTTTGC 
AAGTGGCACTCCTCATGGGGCTAATCTGGGAGTTGT 

ACMCTCCCAGAnAGCCCCATGAGGAGTGCCACTTGCAAAG 

ATAAAAGCACAGCAAAAA CAGGTGTCATTGTATfrrTrr 
CATTGGCACATTTCGTG 
CACGAAATGTGCCAATfi 

TGTTTnGCTGTGCTTnATTTTCCAGGGACTTGCATTGGCAC 
ATTTCGTGTGGATCGCTCCTTTGCAAGTGGCACTCCTCATGG 
GGCT^ATCTGGGAGTTGTTACAGGCGTCTGCCTTCT 



1290 



1291 



1292 



1293 



1294 



AG ^™ AGACGCCTGTAACAACTCCCA GATTAGCCCCATG 

^?™ GCCAC ^ GCAAAG ^ AGCGATC CACACGAAATGTGC 
CMTGCMGTCCCTGGAAA ATAAAAGCACAGCAAAAapa 

GGATCGCTCCTTTGCAA 
JTGCAAAGGAGCGATCC 



1298 



1299 
1300 



TAATCTGGGAGTTGTTACAGGCGTCTGCCTTCTGTG G 

CCACAGMGGCAGACGCCTGTAACMCTCCCAGATTAGCCC 

CATGAGGAGTGCCACnGCAAAGGAGCGATCCACACGAAAT 
GTGCCAATGCAAGTCCCT GGAAAATAAAAGOAnA^A a a 

CGCTCCTTTGCAAGTGG 
CCACTTGCAAAGGAGCG 

TTCGTGTGGATCGCTCCTTTGCMGTGGCACTCCTCATGGG 

TGGTTTCCTGATAGTCCnGCCCTTTTTCAGGCTGGGC 

SS C ^ AG f CTGAAAAAGGGCAAGGA CTATCAGGAAACCAAGT 
CCACAGAAGGCAGACGCCTGTAACAACTCCCAGATTAGCCC 
CATGAGGAGTGCCACTTGCAAAGGAGCGATCCACACGAA 



1301 



1302 



1306 



c c 

WO 01/73002 PC T/US01/09761 

-124- 



HSlSilioplil 








AGTTGTTACAGGCGTCT 


1307 


AGACGCCTGTAACAACT 


1308 


Cystic fibrosis 

Cys225Arg 

TGT-CGT 


CC1 1 iCjUAAulooLAUIOOIOAIoijo^lAAIOIljowol 1 

GTTACAGGCGTCTGCCTTCTGTGGACTTGGTTTCCTGATAGT 
CCTTGCCCTTTTTCAGGCTGGGCTAGGGAGMTGATGA 




TCATCATTCTCCCTAGCCCAGCCTGAAAAAGGGCAAGGACTA 

TCAGGAAACCAAGTCCACAGAAGGCAGACGCCTGTAACAAC 

TCCCAGATTAGCCCCATGAGGAGTGCCACTTGCAAAGG 


1310 


CTGCCTTCTGTGGACTT 


1311 


AAGTCCACAGAAGGCAG 


1312 


Cystic fibrosis 

Val232Asp 

GTCtoGAC 


TGGGGCTAATCToGGAGTTo 1 1 ALAob -»u 1 u 1 vaOU 1 1 U 1 o 1 
GGACTT GGTTTCCTGATAGTCCTTGCCCTTTTTCAGGCTGGG 
CTAGGGAGAATGATGATGAAGTACAGG'AGCAACCTAT 




ATAGGTTGCTACCTGTACTTCATCATCATTCTCCCTAGCCCA 
GCCTGAAAAAGGGCAAGGACTATCAGGAAACCAAGTCCACA 
GAAGGCAGACGCCTGTAACAACTCCCAGATTAGCCCCA 


1314 

■ 


CCTGATAGTCCTTGCCC 


1315 


GGGCAAGGACT ATCAGG 


1316 


Cystic fibrosis 

Gly239Arg 

GGGtoAGG 


GTTACAGGCGTCTGCCTTCTGTGGACTTGGI 1 iCCTbATAGT 

CCTTGCCCTTTTTCAGGCTGGGCTAGGGAGAATGATGATGAA 

GTACAGGTAGCMCCTATTTTCATAACTTGAAAGTTT 




AMCmCMGTTATGAAAATAGGTTGCTACCTGTACTTCATC 
ATCATTCTCCCTAGCCCAGCCTGAAAAAGGGCAAGGACTATC 
AGGAAACCAAGTCCACAGAAGGCAGACGCCTGTAAC 


1318 


TTTCAGGCIGGGCTAGG 


1319 


CCTAGCCCAGCCTGAAA 


1320 



EXAMPLE 10 
Cvclin-deoendent kinase inhibitor 2A • CDKN2A 

The human CD KN2A gene was also designated MTS-1 for multiple tumor suppressor-1 
and has been implicated in multiple cancers including, for example, malignant melanoma Malignant 
melanoma is a cutaneous neoplasm of melanocytes. Melanomas generally have features of asymmetry, 
irregular border, variegated color, and diameter greater than 6 mm. The precise cause of melanoma is 



< 
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-125- 
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unknown, but sunlight and heredity are risk factors. Melanoma has been i 
decades. 



increasing during the past few 



The CDKN2A gene has been found to be homozygous* deleted at high frequency in cell 
nes derived from tomors of lung, breast brain, bone, skin, bladder, kidney, ovary, and lymphocyte. 
Melanoma cefl fines carried atleastone copy of CDKN2A in combinafion w* a deleted allele. Melanoma 
cellfinestoatcamedatteas^^^ 

mutations in the gene. Thus, CDKN2A may rival p53 (see Example 5) in the universality of its 
mvolvement in tumorigenesis. The attached table discloses the correcting oligonucleotide base 
sequences for the CDKN2A oligonucleotides of the invention. 



Table 17 

CDKN2A Mutations and Genn ine-CoiTectinq ni; r e 



IX-: :>-:■:-:•:•:■*.-:-:•:•.■:-:-.■>: 

mm 



■hp 



Melanoma 
Trp15Term 
TGG-TAG 



Melanoma 
Leu16Pro 
CTG-CCG 



Melanoma 
Gly23Asp 
GGT-GAT 




GGGCGGCGGGGAGCAGCATGGAGCCGGCGGCGGGGAGCAG 

CATGGAGCCTTCGGCTGACTGGCTGGCCACGGCCGCGGCCC 
GGGGTCGGGTAGAGGAGGTG^GGGCfinTCrn^A^^vv^ 

TGCTCCCCGCCGCCGGCTC(^TGCT(^Tnr^^pI^^ 



GGCTGACTfiGCTGGCCA 
TGGCCAGCCAGTCAnm 



S^^^^^^GAGCCGGCGGCGGGGAGCAGCAf 
GGTCGGGTAGAGGAGGTGCGGGC(3CTGCTGG^G?GGG^ 



fir 



1321 



1322 



ATGCTGCTCCCCGCCGCCGGCTCCA^ 



TGACTGGCTGGCCACGG 



CCGTGGCCAGCCAGTCA 

CGCTGCTGGAGGCGGGGGCG^TGCCCA^G^ ^^i^n'An 
CTATTCGGTGCGTTGGGCAGCGCCCCCGCCTCCAGCAGCG"C 

GCCAGTCAGCCGMGGCTCCA TGCTGnTnrrrYyvv^vv^ 
GGCCCGGGGTCGGGTAG 



1326 



1327 
1328 



1329 



1330 



1331 



c C 
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^^^^^^^^^^ 


IflllliflllM^ 






CTACCCGACCCCGGGCC 


1332 


Melanoma 

Arg24Pro 

CGG-CCG 


CGGCGGGGAGCAGCATGGAGCCTTCGGCTGACTGGCTGGCC 
ACGGCCGCGGCCCGGGGTCGGGTAGAGGAGGTGCGGGCGC 
TGCTGGAGGCGGGGGCGCTGCCCAACGCACCGAATAGTTA 


1333 


TAACTATTCGGTGCGTTGGGCAGCGCCCCCGCCTCCAGCAGC 
GCCCGCACCTCCTCTACCCGACCCCGGGCCGCGGCCGTGGC 
CAGCCAGTCAGCCGAAGGCTCCATGCTGCTCCCCGCCG 


1334 


CCGGGGTCGGGTAGAGG 


1335 


CCTCTACCCGACCCCGG 


1336 


Melanoma 
Leu32Pro 
CTG-CCG 

• 


CGGCTGACTGGCTGGCCACGGCCGCGGCCCGGGGTCGGGT 
AGAGGAGGTGCGGGCGCTGCTGGAGGCGGGGGCGCTGCCC 
AACGCACCGAATAGTTACGGTCGGAGGCCGATCCAGGTGGG 


1337 


CCCACCTGGATCGGCCTCCGACCGTAACTATTCGGTGCGTTG 
GGCAGCGCCCCCGCCTCCAGCAGCGCCCGCACCTCCTCTAC 
CCGACCCCGGGCCGCGGCCGTGGCCAGCCAGTCAGCCG 


1338 


GGCGCTGCTGGAGGCGG 


1339 


CCGCCTCCAGCAGCGCC 


1340 


Melanoma 

Gly35Ala 

GGG-GCG 


GGCTGGCCACGGCCGCGGCCCGGGGTCGGGTAGAGGAGGT 
GCGGGCGCTGCTGGAGGCGGGGGCGCTGCCCAACGCACCG 
AATAGTTACGGTCGGAGGCCGATCCAGGTGGGTAGAGGGTC 


1341 


GACCCTCTACCCACCTGGATCGGCCTCCGACCGTAACTATTC 
GGTGCGTTGGGCAGCGCC£CCGCCTCCAGCAGCGCCCGCAC 

m 

CTCCTCTACCCGACCCCGGGCCGCGGCCGTGGCCAGCC 


1342 


GGAGGCGGGGGCGCTGC 


1343 


GCAGCGCCCCCGCCTCC 


1344 


Melanoma 
Tyr44Term 
TACg-TAA 


GGTAGAGGAGGTGCGGGCGCTGCTGGAGGCGGGGGCGCTG 

CCCAACGCACCGAATAGTTACGGTCGGAGGCCGATCCAGGTG 

GGTAGAGGGTCTGCAGCGGGAGCAGGGGATGGCGGGCGA 


1345 


TCGCCCGCCATCCCC^GCTCCCGCTGCAGACCCTCTACCCAC 
CTGGATCGGCCTCCGACCGTAACTATTCGGTGCGTTGGGCAG 
CGCCCCCGCCTCCAGCAGCGCCCGCACCTCCTCTACC 


1346 


AATAGTTACGGTCGGAG 


1347 


CTCCGACCGTAACTATT 


1348 


Melanoma 

Met53lle 

ATGa-ATC 

■ 

•* 


TCTCCCATACCTGCCCCCACCCTGGCTCTGACCACTCTGCTC 
TCTCTGGCAGGTCATGATGATGGGCAGCGCCCGCGTGGCGG 
AGCTGCTGCTGCTCCACGGCGCGGAGCCCAACTGCGCA 


1349 


TGCGCAGTTGGGCTCCGCGCCGTGGAGCAGCAGCAGCTCCG 
CCACGCGGGCGCTGCCCATCATCA i GACCTGCCAGAGAGAG 
CAGAGTGGTCAGAGCCAGGGTGGGGGCAGGTATGGGAGA 


1350 


GTCATGATGATGGGCAG 


1351 



c c 

WO 01/73002 v 
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■iiii 




GCTCCGCCACTCGGGCG 


1372 


Melanoma 
Leu62Pro 

CTG-CCG 


TCTGACCACTCTGCTCTCTCTGGCAGGTCATGATGATGGGCA 
GCGCCCGCGTGGCGGAGCIGCTGCTGCTCCACGGCGCGGA 
GCCCAACTGCGCAGACCCTGCCACTCTCACCCwCCGGT 


1373 


ACCGGTCGGGTGAGAGTGGCAGGGTCTGCGCAGTTGGGCTC 

CGCGCCGTGGAGCAGCAGCAGCTCCGCCACGCGGGCGCTG 
ppPATPATPAT^APPTftppAftA^AftAf^AftAfrrn^TPAf^A 


1374 


GGCGGAGCTGCTGCTGC 


1375 


GCAGCAGCAGCTCCGCC 


1378 


Melanoma 

Ala68Vai 

GCG-GTG 


TCTGGCAGGTCATGATGATGGGCAGCGCCCGCGTGGCGGAG 
CTGCTGCTGCTCCACGGCGCGGAGCCCAACTGCGCAGACCC 
TGCCACTCTCACCCGACCGGTGCATGATGCTGCCCGGGA 


1377 


TCCCGGGCAGCATCATGCACCGGTCGGGTGAGAGTGGCAGG 

GTCTGCGCAGTTGGGCTCCGCGCCGTGGAGCAGCAGCAGCT 
ppfw* APftmittmpTfzrrr* atp atp atys appt/spp a/^ a 


1378 


CCACGGCGCGGAGCCCA 


1379 


TGGGCTCCGCGCCGTGG 


1380 


Melanoma 
Asn71Lys 

A A ^Vt AAA 

AACt-AAA 


CATGATGATGGGCAGCGCCCGAGTGGCGGAGCTGCTGCTGC 
TCCACGGCGCGGAGCCCAACTGCGCCGACCCCGCCACTCTC 
ACCCGACCCGTGCACGACGCTGCCCGGGAGGGCTTCCTG 


1381 


CAGGAAGCCCTCCCGGGCAGCGTCGTGCACGGGTCGGGTGA 

GAGTGGCGGGGTCGGCGCAGTTGGGCTCCGCGCCGTGGAG 

CAGCAGCAGCTCCGCCACTCGGGCGCTGCCCATCATCATG 


1382 


GAGCCCAACTGCGCCGA 


1383 


TCGGCGCAGTTGGGCTC 


1384 


Melanoma 
Asn71Ser 
AAC-AGC 


TCATGATGATGGGCAGCGCCCGAGTGGCGGAGCTGCTGCTG 
CTCCACGGCGCGGAGCCCAACTGCGCCGACCCCGCCACTCT 
CACCCGACCCGTGCACGACGCTGCCCGGGAGGGCTTCCT 


1385 


AGGAAGCCCTCCCGGGCAGCGTCGTGCACGGGTCGGGTGAG 
AGTGGCGGGGTCGGCGCAGTTGGGCTCCGCGCCGTGGAGCA 

ftPAf^Af^TPPl^PAPTPftft^Pfi^TftPPPATPATPATnA 


1386 


GGAGCCCAACTGCGCCG 


1387 


CGGCGCAGTTGGGCTCC 


1388 


Melanoma 

a a a 

Pro81Leu 
CCC-CTC 

* 


AGCTGCTGCTGCTCCACGGCGCGGAGCCCAACTGCGCCGAC 
CCCGCCACTCTCACCCGACCCGTGCACGACGCTGCCCGGGA 
GGGCTTCCTGGACACGCTGGTGGTGCTGCACCGGGCCGG 


1389 


CCGGCCCGGTGCAGCACCACCAGCGTGTCCAGGAAGCCCTC 
CCGGGCAGCGTCGTGCACGGGTCGGGTGAGAGTGGCGGGG 
TCGGCGCAGTTGGGCTCCGCGCCGTGGAGCAGCAGCAGCT 


1390 


CACCCGACCCGTGCACG 


1391 



c 

WO 01/73002 
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Melanoma 

Asp84Tyr 

cGAC-TAC 



Melanoma 

Ala85Thr 

cGCT-ACT 



Melanoma 

Arg87Pro 

CGG-CCG 



Melanoma 

Arg87Trp 

cCGG-TGG 



Melanoma 
Leu97Arg 

CTG-CGG 



CGTGCACGGGTCGGGTG 

CTGCTCCACGGCGCGGAGCCCAACTGCGCCGACCCCGCCAC 
TCTCACCCGACCCGTGCACGACGCTGCCCGGGAGGGCTTCC 
TGGACACGCTGGTGGTGCTGCACCGGGCCGGGGCGCGGC 

GCCGCGCCCCGGCCCGGTGCAGCACCACCAGCGTGTCCAGG 
AAGCCCTCCCGGGCAGCGTCGTGCACGGGTCGGGTGAGAGT 
GGCGGGGTCGGCGCAGUGGGCJCCGCGCCGTGGAGCAG 
CCGTGCACGACGCTGCC 

GGCAGCGTCGTGCACQG 



CTCCACGGCGCGGAGCCCAACTGCGCCGACCCCGCCACTCT 
CACCCGACCCGTGCACGACGCTGCCCGGGAGGGCTTCCTGG 
ACACGCTGGTGGTGCTGCACCGGGCCGGGGCGCGGCTGG 

CCAGCCGCGCCCCGGCCCGGTGCAGCACCACCAGCGTGTCC 

AGGAAGCCCTCCCGGGCAGCGTCGTGCACGGGTCGGGTGAG 
AGTGGCGGGGTCGGCGC AGTTGGGCTCCGCGCCfiTfifiAfi 

TGCACGACGCTGCCCGG 
CCGGGCAGCGTCGTGCA 



1392 
1393 



1394 



1395 
1396 



GCGCGGAGCCCAACTGCGCCGACCCCGCCACTCTCACCCGA 
CCCGTGCACGACGCTGCCCGGGAGGGCTTCCTGGACACGCT 
GGTGGTGCTGCACCGGGCCGGGGCGCGGCTGGACGTG CG 

CGCACGTCCAGCCGCGCCCCGGCCCGGTGCAGCACCACCAG 

CGTGTCCAGGAAGCCCTCCCGGGCAGCGTCGTGCACGGGTC 
GGGTGAGAGTGGCGGGG TCGGCGCAGTTGGGCTnHRnfsr 

CGCTGCCCGGGAGGGCT 
AGCCCTCCCGGGCAGCG 



1397 



1398 



GGCGCGGAGCCCAACI GCGCCGACCCCGCCACTCTCACCCG 
ACCCGTGCACGACGCTGCCCGGGAGGGCTTCCTGGACACGC 
TGGTGGTGCTGCACCGGGCCGGGGCGCGGCTGGACGT GC 

GCACGTCCAGCCGCGCCCCGGCCCGGTGCAGCACCACCAGC 
GTGTCCAGGAAGCCCTCCCGGGCAGCGTCGTGCACGGGTCG 
GGTCAGAGTCGCGGGGTCGGCGCAGnGGGCTCCGCGCC 
ACGCTGCCCGGGAGGGC 

GCCCTCCCGGGCAGCGT 



1399 
1400 
1401 



1402 



1403 
1404 



1405 



CTCTCACCCGACCGGTGCATGATGCTGCCCGGGAGGGCTTC 
CTGGACACGCTGGTGGTGCIGCACCGGGCCGGGGCGCGGCT 
GGACGTGCGCGATGCCTGGGGTCGTCTGCCCGTGGACT T 

AAGTCCACGGGCAGACGACCCCAGGCATCGCGCACGTCCAG 

CCGCGCCCCGGCCCGGTGCAGCACCACCAGCGTGTCCAGGA 
AGCCCTCCCGGGCAGCAT CATGCACCGGTCGGQTfiAfiAfi 

GGTGGTGCTGCACCGGG 



1406 



1407 
1408 
1409 



1410 



1411 



c c 
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■■■■■■■■■■■IMi 






CCCGGTGCAGCACCACC 


M12 


Melanoma 

Arg99Pro 

CGG-CCG 


CCCGACCGGTGCATGATGCT6CCCGGGAGGGCTTCCTGGAC 

nuvjw i \ju i Vju i wis 1 uwAuvwOwvOwOOuvvOww 1 wwAww 

TGCGCGATGCCTGGGGTCGTCTGCCCGTf5GACTTRRrrftA 

l w w w w W/« I vwv I vWUv 1 Ww 1 wl vwUvU 1 W w*\w 1 1 vwWWwn 


1413 


TCGGCCAAGTCCACGGGCAGACGACCCCAGGCATCGCGCAC 
GTCCAGCCGCGCCCCGGCCCGGTGCAGCACCACCAGCGTGT 
CCAGGAAGCCCTCCCGGGCAGCATCATGCACCGGTCGGG 


1414 


GCTGCACCGGGCCGGGG 


1415 


CCCCGGCCCGGTGCAGC 


1416 


Melanoma 
Gly101Trp 
cGGG-TGG 


CCGGTGCATGATGCTGCCCGGGAGGGCTTCCTGGACACGCT 
GATGCCTGGGGTCGTCTGCCCGTGGACTTGGCCGAGGAfir 

»■ www i ww ww i ww i w i ww www J ww#iw 1 1 w wwww«\wwTiww 


1417 


GCTCCTCGGCCAAGTCCACGGGCAGACGACCCCAGGCATCG 

CGCACGTCCAGCCGCGCCCCGGCCCGGTGCAGCACCACCAG 

CGTGTCCAGGAAGCCCTCCCGGGCAGCATCATGCACCGG 


1418 


ACCGGGCCGGGGCGCGG 


1419 


CCGCGCCCCGGCCCGGT 


1420 


Melanoma 
Arg107Cys 
aCGC-TGC 


CGGGAGGGCTTCCTGGACACGCTGGTGGTGCTGCACCGGGC 

w www"OwOw O ww 1 UljAw w> 1 OUO wOA 1 OV/U 1 ObijO 1 wO 1 Lr 1 ww 

CCGTGGACTTGGCCGAGGAGPGfift^PPAPP^P(^AP^TT^ 

www 1 w Wiw l l wwwww/^wwAwwwwwwwwAwwwwwT\ww 1 I w 


1421 


CAACGTCGCGGTGGCCCCGCTCCTCGGCCAAGTCCACGGGC 
AGACGACCCCAGGCATCGCGCACGTCCAGCCGCGCCCCGGC 
CCGGTGCAGCACCACCAGCGTGTCCAGGAAGCCCTCCCG 


1422 


TGGACGTGCGCGATGCC 


1423 


GGCATCGCGCACGTCCA 


1424 . 


Melanoma 
Ala118Thr 
aGCT-ACT 


CACCGGGCCGGGGCGCGGCTGGACGTGCGCGATGCCTGGG 

V3vvv 1 V/ 1 U^/OUU 1 VSOnUU 1 OUU 1 OAUUAUli i oooOU A 1 Ouu 

GATGTCGCACGGTACCTGCGCGC(5f5CTGnftftftRftftrArPA 

wn i w i w w w*%ww w 1 r\vv 1 wWwW WW w ww 1 wWwUwVJVjwvnwwn 


1425 


TGGTGCCCCCCGCAGCCGCGCGCAGGTACCGTGCGACATCG 
CGATGGCCCAGCTCCTCAGCCAGGTCCACGGGCAGACGGCC 
CCAGGCATCGCGCACGTCCAGCCGCGCCCCGGCCCGGTG 


1426 


TGGACCTGGCTGAGGAG 


1427 


CTCCTCAGCCAGGTCCA 


1428 


Melanoma 
Val126AsD 
GTC-GAC 


TGCGCGATGCCTGGGGCCGTCTGCCCGTGGACCTGGCTGAG 

GAGCTGGGCCATCGPnATfiTPf^PAP^nTAPPTCPfiPnP^P 

woww I ww ww wA 1 vOwun 1 \JJ_OuunL»uO 1 Aw w 1 ww www wwww 

TGCGGGGGGCACCAGAGGCAGTAACCATGCCCGCATAGA 


1429 


TCTATGCGGRCATGGTTACTGCCTCTGGTGCCCCCCGCAGCC 
GCGCGCAGviTACCGTGCGACATCGCGATGGCCCAGCTCCTC 
AGCCAGGTCCACGGGCAGACGGCCCCAGGCATCGCGCA 


1430 


TCGCGATGICGCACGGT 


1431 




EXAMPLE 11 
Adenomatous poly p osis of the colon - APH 

Adenomatous polyposis of the colon is characterized by adenomatous polyps of the 
colon and rectum; in extreme cases the bowel is carpeted with a myriad of polyps. This is a viciously 
premalignant disease with one or more polyps progressing through dysplasia to malignancy in untreated 
gene earners with a median age at diagnosis of 40 years. 

Mutations in the APC gene are an initiating event for both familial and sporadic colorectal 
tumorigenesis and many alleles of the APC gene have been identified. Carcinoma may arise at any age 
from fate childhood through the seventh decade with presenting features including, for example, weight 
loss and inanition, bowel obstruction, or bloody diarrhea. Cases of new mutation still present in these 
ways but in areas with well organized registers most other gene carriers are detected. The attached table 
_ discloses the correcting oligonucleotide base sequences for the APC oligonucleotides of the invention. 
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Table 18 

APC Mutations and Genome-Correcting Ofigos 







HHH 

Hi0H 


Adenomatous polyposis 
coli 

Arg121Term 
AGA-TGA 


GGATCTGTATCAAGCCG7TCTGGAGAGTGCAGTCCTGTTCCT 
ATGGGTTCATTTCCAAGAAGAGGGTTTGTAAATGGAAGCAGA 
GAAAGTACTGGATATTTAGAAGAACTTGAGAAAGAGA 


1433 


TCTCTTTCTCMGTTCTTCTAAATATCCAGTACTTTCTCTGCTT 
CCATTTACAAACCCTCTTCTTGGAAATGAACCCATAGGAACAG 
GACTGCACTCTCCAGAACGGCTTGATACAGATCC 


1434 


TTCCAAGAAGAGGGTTT 


1435 


AAArnnTCTTfrrTftfiAA 


1436 


Adenomatous polyposis 
coli 

Trp157Term 
TGG-TAG 


AAAAAAAAMTAGGTCATTGCTTCTTGCTGATCTTGACAAAGAA 
GAAAAGGAAAAAGACTGGTA7TACGCTCAACTTCAGAATCTCA 
CTAAAAGAATAGATAGTCTTCCTTTAACTGAAAA 


1437 


TTTTC AGTTAAAGGAAGACTATCTATTCTTTTAGT GAGATTCTG 
AAGTTGAGCGTAATACCAGTCTTTTTCC 1 1 HCI 1 CTTTGTCAA 
GATC AGCAAGAAGCAATGACCTA 1 1 1 1 1 1 1 1 1 1 


1438 


AAMGACTGGTATTACG 


1439 


CGTAATACCAGTCTTTT 


1440 


Adenomatous polyposis 
coli 

Tyr1 59Term 


AAATAGGTCATTGCTTCTTGCTGATCTTGACAAAGAAGAAAAG 

RAAAMGACTRRTATTACRCTnAAnTTnARAATnTCAnTAAAA 

GAATAGATAGTCTTCCTTTAACTGAAAATGTAAGT 


1441 


APTTAPA MM PACTTA AAOf2AAf2A PTATPTATTPTTTTA ClTflA 

GATTCTGMGTTGAGCGTMTACCAGTCTTTTTCCTTTTC'TTCT 
TTGTCAAGATCAGCAAGAAGCAATGACCTATTT 


4AA0 


TRGTATTACRCTCAACT 


1443 

1 *T*T J 


ARTTRARRGTAATACnA 


1444 


Adenomatous polyposis 

coli 

WWII 

Gln163Term 
CAG-TAG 


TTGCTTCTTGCTGATCTTGACAMGAAGAAAAGGAAAAAGACT 
GGTATTACGCTCAACrrCAGAATCTCACTAAAAGAATAGATAG 
TCTTCCI 1 1 AACTGAAAATGTAAGTAACTGGCAGT 


1445 


ACTGCCAGTTAC7TACATTTTCAGTTAAAGGAAGACTATCTATT 
CTTTTAGTGAGATTCTGAAGTTGAGCGT AATACCAGTCTTTTTC 
CTTTTCTTCTTTGT CAAG ATCAGCAAGAAGC AA 


1446 


CTCAACTTCAGAATCTC 


1447 


RARATTfrTGAARTTRAR 


144fi 


Adenomatous polyposis 
coli 

Arg168Term 
AGA-TGA 


CTTGACAAAG AAGAAAAG G AAAAAGACTGGTATTACGCTCAAC 
TTCAGMTCTCACTAAAAGAATAGATAGTCTTCCTTTAACTGAA 
AATGTAAGTAACTGGCAGTACAACTTATTTGAAA 


1449 


TTTCAMTMGnGTACTGCCAGnACTTACATTTTCAGTTAAA 
GGAAGACTATCTATTCTTTTAGTGAGATTCTGAAGTTGAGCGT 
AATACCAGICI 1 1 1 ICCI 1 1 1 C 1 1 CTTTGTCAAG 


1450 



r c 

WO 01/73002 
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Adenomatous polyposis 
coli 

Seii71»e 
AGT-ATT 



adenomatous polyposis 
coli 

Gln181Term 
CAA-TAA 



Adenomatous polyposis 
coli 

Glu190Term 
GAA-TAA 



ATCT ATTCTTTTAGTGA 

MGA^GGAAAAAGACTGGTATTACGCTCAACTTCAGAATCT 

CACTAAAAGAATAGATAGTCTTCCTTTAACTGAAAATGTAAGTA 
ACTGGCAGTACMCmmGAMCTTTAAT^ G ™ 

GTTATTaaaui I rCAAATAAGTTGTACTGCCAGTTACTTACATT 

TTCAGnAMGGMGACTATCTATTCTTTTAGTGAGATrCTGAA 
GTrGAGCGTAATACCAGTCTTTTTCCT TTTrTT 

AATAGATAGTCTTCCTT ~ 

AAGGAAGACTATCTATT 

UAI I AAUliTAAAT AO'AAliA r ATTGA1 AC 1 1 1 1 1 1 ATTATTTGTGG" 



1452 
"l453 



1454 



Adenomatous polyposis 
coli 

Gln208Term 
CAG-TAG 



Adenomatous polyposis 
coli 

Arg213Term 
CGA-TGA 



™T^S^ ALMeATATTGATACI 1 1 1 1 IAI ^ATTTGTG( 

TTTTAGTTTTCCnACAAACAGATATGACCAGAAGGCMnGG 
AATATGAAGCMGGCAAATCAGAGTTGCGATGG 
CCATCGCAACTCl GATTTGCCTTGCTTCATATTCCAATTGCCT " 

TCTGGTCATATCTGT7TGTMGGAAMCTAAAACCACAAATAAT 
AAAAAAGTATCAATATCTTGTATTTACGTTAA Tr 

I n CC I TACAAACAGAT " 1 

ATCTGTTTGTAAGGAAA 

m I lAnATTIUGbl 1 1 IAGI 1 1 ICC 1 1 ACAAACAGATATG 

ACCAGAAGGCAATTGGAATATGAAGCAAGGCAAATCAGAGTT 
GCGATGGAAGMCMCTAGGTACCTGCCAGGATA 

TATCCTGGCAGGTACCTAGTTGTTCTTCCATCGCAACTCTGAT 

nGCCTrGCTTCATATrCCMnGCCTTCTGGTCATATCTGTTT 
GTAAGGAAAACTAAAACCACAAATAATAAA AAAn 

GGCAATTGGAATATGAA 

TTCATATTCCAATTGCC 

r AAr ' GGMTA 1 UMbUAAGG CAAATCAGAGTTGCGATGGM~ 



1458 



1462 



GAACAACTAGGTACCTGCCAGGATATGGAAAAACGAGCACAG 
GTAAGTTACTTGTTTCTAAGTGATAAAACAGCGAAG A 

HISF^ 1 1 ,A,t;A CTTAGAAACAAGTAACnACCTGTGCT 

CGTTTTTCCATATCCTGGCAGGTACCTAGTTGTTCTTCCATCG 
CAACTCTGATTTGCCTTGCnCATATTCrAA TT^ 

GTACCTGCCAGGATATG 

CATATCCTGGCAGGTAC 

WJAAUiCAAATCAliACiT TGCGAi bUAAGAACAACTAGGTAC" 

TGCCAGGATATGGAAAMCGAGCACAGGTMGTTACTTGT7TC 
TMGTGATAAA ACAGCGAAGAGCTATTAGGAATAAA 
TTTATTCCTAATAGCTCTTCGCTGI 1 1 1 ATC ACTTAGAAACAAG 

IAACTTACCTGTGCTCGTTTTTCCATATCCTGGCAGGTACCTA 
GTTGTTCTTCCATCGCAACTCTGATTTftr rrrr-r 

TGGAAAAACGA6CACAG ~~ 

CTGTGCTCGTTTTTCCA 



1463 
1464 



1466 



1471 
1472 



c 
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iiiii 


Adenomatous polyposis 
coli 

Arg232Term 
CGA-TGA 


Gl 1 1 IAI 1 1 IAGCGAA6AATAGCCAGMTTCAGCAAATCGAAA 

AGGACATACTTCGTATACGACAGCTTTTACAGTCCCAAGCAAC 

AGAAGCAGAGGTTAGTAAATTGCCTTTCTTGTTTG 


l47o 


C -ACMGAMGGCAATTTACTAACCTCTGCTTCTGTTGCTTG 
G 3TGTAAAAGCTGTCGTATACGAAGTATGTCCTTTTCGATT 
TGCTGAATTCTGGCTATTCTTCGCTAAAATAAAAC 


1474 


"TCGTATACGACAGCTT 


1475 


AAGCTGTCGTATACGAA 


1476 


Adenomatous polyposis 
coli 

Gln233Term 
CAG-TAG 


1 IAI 1 1 lAGCGAAGAATAGCCAGAATTCAGCAAATCGAAAAGG 
ACATACTTCGTATACGACAGCTTTTACAGTCCCAAGCAACAGA 
AGCAGAGGTTAGTAAATTGCCTTTCTTGTTTGTGG 


1477 


CCACAAACAAGAAAGGCAATTTACTAACCTCTGCTTCTGTTGC 
TTGGGACTGTAAAAGCTGTCGTATACGAAGTATGTCCTTTTCG 
ATTTGCTGAATTCTGGCTATTCTTCGCTAAAATAA 

w * • 9 9 •WMbW ^9W ■ ^mWW WW W P V ^0W W 1 WMW ^9f *AW 9 9 9 9 1 WAW ■ ■ ^9W ^9W 9 9 W* WM WM m 9 m 99) » 


1478 


GTATACGACAGCTTTTA 


1479 


TAAAAGCTGTCGTATAC 


1480 _J 


Adenomatous polyposis 
coli 

Gln247Term 
CAG-TAG 


AGAAAGCCTACACCATmTGCATGTACTGATGTTMCTCCAT 
CTTAACAGAGGTCATCTCAGAACAAGCATGAAACCGGCTCAC 
ATGATGCTGAGCGGCAGAATGAAGGTCAAGGAGTGG 


1481 


CCACTCCTrGACCTTCATTCTGCCGCTCAGCATCATSTGAGC 
CGGTTrCATGCTTGTTCTGAGATGACCTCTGTTAAG 'GGAGT 

TMCATCAGTACATGCAAAMTGGTGTAGGCTTTCT 


1482 


GGTCATCTCAGAACAAG 


1483 


CTTGTTCTGAGATGACC 


1484 j 


Adenomatous polyposis 
coli 

Gly267Term 
GGA-TGA 


CAGAACAAGCATGAAACCGGCTCACATGATGCTGAGCGGCAG 
AATGAAGGTCAAGGAGTGGGAGAAATCAACATGGCAACTTCT 
GGTAATGGTCAGGTAAATAAATTA 1 1 1 IATCATATTT 


1485 


AMTATGATAAMTAATTTATTTACCTGACCATTACCAGAAGTT 
GCCATGTTGATTTCTCCCACTCCTTGACCTTCATTCTGCCGCT 
CAGCATCATGTGAGCCGGnTCATGCTTGTTCTG 


1486 


AAGGAGTGGGAGAAATC 


1487 


GATTTCTCCCACTCCTT 


"488 


Adenomatous polyposis 
coli 

Glu443Term 
GAA-TAA 


CTTCAAATAACAAAGC ATTATGGTTTATGTTGA 1 1 1 IAI 1 1 1 ICA 

GTGCCAGCTCCTGTTGAACATCAGATCTGTCCTGCTGTGTGT 

GTTCTAATGAMCTTTCATTTGATGAAGAGCATA 

1 f v*mV t * W % W 9*9W9 V W \^0W ■ ■ ■ XpF# 9 9 1 ■ *A9w9 \ 9 ^mP9 W \^m9*9 m^9W*S9W9 9> 9 9 \ 


-3-7575 — 
1489 


TATGCTCTTCATCAAATGAAAGTTTCATTAGAACACACACAGCA 

GGACAGATCTGATGTTCAACAGGAGCTGGCACTGAAAAATAA 

MTCAACATAAACCATAATGCTTTGTTATTTGAAG 


1490 


CTCCTGTTGAACATCAG 


1491 


CTGATGTTCAACAGGAG 


1492 


Adenomatous polyposis 
coli 

SER457TER 
TCA-TAA 


CAGTGCCAGCTCCTGTTGAACATCAGATCTGTCCTGCTGTGT 
GTGTTCTMTGAMCTTTCATTTGATGAAGAGCATAGACATGC 
AATGMTGAACTAGGTAAGACAAAMTGTTTTTTAA 


1493 



r 
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xctf:*.: 

•jL"^-*« , \.<v" 



m 



4Sft»58 



Adenomatous polyposis 
cob' 

Gln473Term 
CAG-TAG 



Adenomatous polyposis 
coli 

Tyr486Term 
TAC-TAG 



TTAAAAAACAi 1 1 I I wrCTTACCTAGTTCATTCATTGCATGTCT/ 

TGCTCTTCATCAAATGAAAGTTTCATTAGAACACACACAGCAG 
GACAGATCTGATGTTCAACAGGAGCTGGCACT G 
GAAACTTTCATTTGATG "~~ 

CATC AAATGAAAGTTTC 

m^i hji 1 1 iai 1 1 IAGAIGATTG1CI 1 1 1 1 CCTCTTGCCCTTTTT 

AAATTAGGGGGACT ACAGGCCATTGCAGAATTATTGCAAGTG 

GACTGTGAAATGTACGGGCTTACTAATGACCACT 
AGTGGTCATTAf3TAARrr:rftTAr attt^ a * ™-r««, » . 



1494 



Adenomatous polyposis 
coli 

Arg499Term 
CGA-TGA 



Adenomatous polyposis 
coli 

Tyr500Term 
TAT-TAG 



m i i/wu I AGGGGGACTACAGGCCA 1 1 GCAGAATTaTTGCAA 

GTGGACTGTGAAATGTACGGGCTTACTAATGACCACTACAGTA 
TTACACTAAGACGATATGCTGGAATGGCTTTGACA 

TGTCAAAGCCATTCCAGCATATCGTC7TAGTGTAATACTGTAG 

TGGTCATTAGTMGCCCGTACATTTCACAGTCCACTTGCAATA 
ATTCTGCAATGGCCTGTAGTCCCCCTAATTT AAAA 

GAAATGTACGGGCTTAC ~ 

GTAAGCCCGTACATTTC 

1 1 UUAAGTGGAu I (i I GAAATGTA I GGGCTTACTAATGACCACT 

ACAGTATTACACTAAGACGATATGCTGGAATGGCTTTGACAAA 
CTTGACT7TTGGAGATGTAGCCAACAAGGTATGTT 

AACATACCTTGTTGGCTACATCTCCAAAAGTCAAGTTTGTCAA 

AGCCATTCCAGCATATCGTCTTAGTGTAATACTGTAGTGGTCA 
TTAGTAAGCCCATACATTTCACAGTCCAOTT finAA 

CACTAAGACGATATGCT 

AGCATATCGTCTTAGTG 

i ) GTATGGGC 1 1 ACTAATGACCACTACAG 



1495 
1496 
[97 



1498 



1499 
1500 
50 



1502 



1503 
1504 



T505 



1506 



u«u/wM luwwuiUAAl FAGATGACCCAIAI I ctgtttCtta" 

ctaggaatcaaccctcaaaagcgtattgagtgccttatggmt 
ttgtcagcacattgcactgagaataaagctgata 

tatcagctttattctcagtgcaatgtgctgacaaattccataa 

GGCACTCMTACGCTTTTGAGGGTTGATTCCTAGP^^^ a a^j 
GAATATGGGTCATCTAATTAGAGTTGRAATTTriT r. 

CAACCCTCAAAAGCGTA 



1507 
1508 
T509" 



1510 



1511 
1512 



1513 



1514 



1515 



(" c 
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Adenomatous polyposis 
cofi 

Leu592Term 
TTA-TGA 



TACGCTTTTGAGGGTTG __ 

TAGATGACCCATATTCTGTTI C 1 1 AC I AGGAATCAACCCTCAAA 

AGCGTATTGAGTGCC7TATGGAATTTGTCAGCACATTGCACTG 
AGAATAAAGCTGATATATGTGCTGTAGATGGTGC 



GCACCATCTACAGCACATATATCAGCTTTATTCTCAGTGCAAT 

GTGCTGACAMTTCCATAAGGCACTCAATACGCTTTTGAGGGT 

TGATTCCTAGTAAGAAACAGAATATGGGTCATCTA 



GAGTGCCTTATGGAATT 



AATTCCATAAGGCACTC 



1518 



1519 



1520 



Adenomatous polyposis 
coli 

Trp593Term 
TGG-TAG 



ATGACCCATATTCTGlTTCTTACtAGGAAtCAACCCTCAAAAG 

CGTATTGAGTGCCTTATGGAATTTGTCAGCACATTGCACTGAG 

MTAAAGCTGATATATGTGCTGTAGATGGTGCACT 



AGTGCACCATCTACAGCACATATATCAGCT7TATTCTCAGTGC 
AATGTGCTGACAAATTCCATAAGGCACTCAATACGCTTTTGAG 
GGTTGATTCCTAGTAAGAAACAGAATATGGGTCAT 



TGCCTTATGGAATTTGT 



ACAAATTCCATAAGGCA 



Adenomatous polyposis 
coli 

Trp593Term 
TGG-TGA 



TGACCCATATTCTGTTTCTTACtAGGAATCAACCCTCAAAAGC 

GTATTGAGTGCCTTATGGAATrTGTCAGCACATTGCACTGAGA 

ATAAAGCTGATATATGTGCTGTAGATGGTGCAC7T 



T52T 



1522 



1523 



1524 



AAGTGCACCATCTACAGCACATATATCAGCTTTATTCTCAGTG 
CAATGTGCTGACAAATTCCATAAGGCACTCMTACGCTTTTGA 
GGGTTGATTCCTAGTAAGAAACAGAATATGGGTCA 



GCCTTATGGAATTTGTC 



GACAAATTCCATAAGGC 



Adenomatous polyposis 
coli 

Tyr622Term 
TAC-TAA 



Adenomatous polyposis 
coli 

Gln625Term 
CAG-TAG 



TAAAGCTGATAtAtGTGCTGTAGATGGTGCACl IGCAI 1 1 1 IG 
GTTGGCACTCTTACTTACCGGAGCCAGACAAACACTTTAGCC 
ATTATTGAAAGTGGAGGTGGGATATTACGGAATGTG 



1525 



1526 



1527 



1528 



CACATTCCGTAATATCCCACCTCCACTTTCMTAATGGCTAAA 
GTGTTTGTCTGGCTCCGGTAAGTAAGAGTGCCAACCAAAAAT 
GCAAGTGCACCATCTACAGCACATA7ATCAGCTTTA 



CTTACTTACCGGAGCCA 



TGGCTCCGGTAAGTAAG 

GATATATGTGCTGTAGATGGTGCAC I IGCAI 1 1 1 IGGI IGGCA 
CTCTTACTTACCGGAGC£A6ACAAACACTTTAGCCATTATTGA 
AAGTGGAGGTGGGATATTACGGAATGTGTCCAGCT 



152¥ 



1530 



1531 



AGCTGGACACATTCCGTAATATCCCACCTCCACTTTCAATAAT 
GGCTAAAGTGTTT GTCTGGCTCCGGTAAGTAAGAGTGCCAAC 

CAAAAATGCAAGTGCACCATCTACAGCACATATATC 
ACCGGAGCCAGACAAAC 



GmGICmGCICCGGI 



1532 
1533 



1534 



1535 



1536. 



c 
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c 
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Adenomatous polyposis 
coli 

Leu629Term 
TTA-TAA 



Adenomatous polyposis 
cofl 

Glu650Term 
GAG-TAG 



iMiiAibUIGCACI IGCAI 1 1 TTGGT I GGCAC I C I f ACTTACCG" 

GAGCCAGACAMCACT7TAGCCATTATTGAAAGTGGAGGTGG 
GATATTACGGAATGTGTCCAGCTTGATAGCTACAAA 



' ^AATAATGGCTAAAGTGTTTGTCTGGCTCC 
AAGAGTGCCAA CCAAAAATGCAAGTfin AnrATrTA 

AAACACTTTAGCCATTA 



Trp699Term 
TGG-TGA 



Adenomatous polyposis 
coli 

Ser713Term 
TCA-TGA 



Adenomatous polyposis 
coli 

Ser722Gly 
AGT-GGT 



TAATGGCTAAAGTGTTT 

GUUA I rATTGAAAG I GGAGGTGGGA I ATTACGGAATGTGTCC " 

ttatattactt ttaaagtacagaattcatactctca 

ISSSHSH!^ 1 ,t;TGTACT TTAAAAGTAATATAAAACTCTAT 

TCCGTAATAT CCCACCTCCACTTTrA ATAAT^ 

(■>' I ACAAATG AGGACCAC ' 

GTGGTCCTCATTTGT AG 

i UUAlurGGAAU J } G I GGMTCTCTCAIjCM GAAATCCTA aa" 
AAGAACCTCATT CATTCAMGCACAAAATGATTGCT 

JS^^S? uctttgaat gmtgaggttcttgagcatg" 

CT^TGCCCCCATGTCCCATMTGCTTCCTGGTCTTTAGGAT 
TTCTTGCTGAGAGATTCCACAAAGTT^ ATr^A ^ T 

GCATTATGGGACATGGG ~ 

CCCATGTCCCATAATGC 

aagaucagGAAGCA I'TAtGG GACA I GGGGGCAGrTAGCATGt 

I^^^ TOAn ^ GCACAAMTG ATTGCTATGGG 
AAGTGCTGCAfin TTTAAGGAATrTPATGGCAAATAft 

^ A I^™J GA ^ CC ^ AAAGCTGCA GCACTTCCCATAG 

cmtcattttgtgctttgaatgaatgaggttcttgagcatgct 

AACTGCCCCCATGTCCCATAATGCTTOCT G^ ^ 

CATTCATTCAAAGCACA 

TGTGCTTTGAATGAATG 



1537 



1538 



1542 



1546 



1547 
1548 



1549" 



1550 



*^™ lAGCAi WlCAAGAACCT(JA\ 'CAIfCAAAGCA(T 

aaaatgattgct atgggaagtgctgcagctttaaggaatctca 
tggcaaatag gcctgcgaagtacaaggatgccaa ta 

TATTGoua.uui I GrACTTCGCAGGCCTATTTGCCATGAGATT" 

GAATGAATGAG GTTCTTGAGCATGCTAA rTCrrrr 
C I ATGGGAAGTGCTGCA 



1551 
1552 




1555 
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^^^^^^^^^^^^ 


SIB 

iiiipf 


Adenomatous polyposis 

C0!l 

Leu764Term 
TTA-TAA 


TCTCCTGGCTCAGCTTGCCATCTCnCATGTTAGGAMC 
TTTGACAATATAGACAATTTAAGTCCCAAGGCATC 


1557 


GATGCCTTGGGACTTAAATTGTCTATATTGTCAAAAGTTTCTGA 

TA A/*T/V*TrA/V^AT^TA ATT^T/V^TT/^TA^/^/^OTTTTTYVrTTY* 

TAAGTGCTGAGoAIOrAAl lOlbUI IOIA(j<j(jt/l 1 1 1 lol 1 IU 

CTAACATGAAGAGATGGCAAGCTGAGCCAGGAGA 


1558 


AGCAGAATTAGATGCTC 


1559 


A A A TATA A TT^T^ AT 

GAGCATCTAATTCTGCT 


4 CCA 

1560 


Adenomatous polyposis 
cob 

Ser784Thr 
TCT-ACT 


TTAGATGCTCAUCAU II A 1 UACiAAAU 1 1 1 1 (iAUAA 1 A 1 ACiAUAA 

TTT A A/TTPPP A AfiP.PATPTPATPCTA(TT A AfV* Aft Aft APAP Aft 
1 1 1 AMU 1 UUwAAooL*A 1 w 1 LrA 1 UV5 1 n\j 1 /V\Ul/nUnUrtUnUnU 

CAAGTCTCTATGGTGATTATGTnTTGACACCATC 


1561 


GATGGTGTCAAAAACATAATCACCATAGAGACTTGCTGTGTCT 

CI C3U 1 1 AO 1 AUliA 1 uAUA 1 liuO 1 IbouAUl IAAAI IblLIAIA 

TTGTCAAAAGTTTCTGATAAGTGCTGAGCATCTAA 


1562 


CCAAGGCATCTCATCGT 


1563 


ACGATGAGATGCCTTGG 


4 CCA 

1564 


Adenomatous polyposis 
coli 

Arg805Term 
CGA-TGA 


CTCATCGTAGTAAGCAGAGACACAGCAAGTCTCTATGGTGA7T 
atpi imp a p app a atpc ap ATft atp. at a at AftftTP Aft ap at 

AIvji 1 1 I 1 laAOAUOAAIUoAUAIuAlvaAIMAI AvjvjI OAoAOAl 

TTTAATACTGGCACATGACTGTCCTTTCACCATAT 


4 rcr 

1565 


ATATGGTGAAAGGACAGTCATGTGCCAGTATTAAAATGTCTG, 

CCTATTATCATCATGTCGATTGGTGTCAAAAACATAATCACCAT 

AGAGACTTGCTGTGTCTCTGCTTACTACGATGAG 


1566 


ACACCAATCGACATGAT 


1567 


ATCATGTCGATTGGTGT 


1568 


Adenomatous polyposis 

COII 

Gln879Term 
CAG-TAG 


GGTCTAGGCAACTACCATCCAGCAACAGAAAATCCAGGAACT 

T^TTOA A AP^PA/y* 1 1 1 ATPTPPAPP APTPP APPPPAft 

TC Tl UAAAoLviAvio 1 1 1 oUAviA 1 w 1 LrUAUOAO i buAoLUv/Ab 

ATTGCCAAAGTCATGGAAGAAGTGTCAGCCATTCATA 


1569 


TATGMTGGCTGACACTTCTTCCATGACTTTGGCAATCTGGGC 

y#%/> * at^/^/HAA A A "TATA A A A A O/^TA^^TTTO A A A A A ATT^O 

TGCAGTGGT GGAGATCTGCAAACCTCGC 1 1 IGAAGAAGTTCC 
TGGATTTTCTGTTGCTGGATGGTAGTTGCCTAGACC 


1570 


GAGGTTTGCAGATCTCC 


1571 


/■XA A A AT^TftA AAA A AT A 

GGAGATCTGCAAACCTC 


1572 


Adenomatous polyposis 
coli 

Ser932Term 
TCA-TAA 


TACATTGTGTGACAGATGAGAGAMTGCACTTAGAAGAAGCTC 

TPPTPPPP AT A PA PATTP A A AP APTTAP A ATTTP APT A A^TTPr* 
1 VjU i oUOL/A 1 AOAOA 1 1 OAAAwAU 1 1 nOnnl 1 1 LrAU 1 AAVJ 1 w - 

GAAAATTCAAATAGGACATGTTCTATGCCTTATGC 


157 J 


GCATAAGGCATAGAACATGTCCTATTTGAATnTCCGACTrAG 

TP A A ATTPT A APTPTTTIS A ATftTftT ATftftftP AftP Aft AftPTTPT 
luAAAl IVjIAAoIoI 1 1 uAA 1 O 1 0 1 A 1 OUbUAoUMOttO^ 1 lui 

TCTAAGTGCATTTCTCTCATCTGTCACACAATGTA 


1574 


TACACATTCAAACACTT 


1575 


AAGTGTTTGAATGTGTA 


1576 


Adenomatous polyposis 
coli 

RprMTTArm 


TACATTGTGTGACAGATGAGAGAAATGCACTTAGAAGAAGCTC 

TGCTGCCCATACACATTCAAACACTTACAATTTCACTAAGTCG 

GAAAATTCAAATAGGACATGTTCTATGCCTTATGC 


1577 



TCA-TGA 



c c 
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-139- 



Adenomatous polyposis 
coli 

Tyr935Term 
TAC-TAG 



Adenomatous polyposis 
coli 

Tyr935Term 
TAC-TAA 



adenomatous polyposis 
coli 

TyrlOOOTerm 
TAC-TAA 



Adenomatous polyposis 
coli 

Glu1020Term 
GAA-TAA 



Adenomatous polyposis 
coli 

Ser1032Term 
TCA-TAA 



GCATMGGCATAGMCATGTCCTATTTGMTTTTCCGACTTAG 
TGAAATTGTAAGTGTTTG AATGT GTATGGGC AG C AGAGCTTCT 

TCTMGTGCATTTCTCTCATCTGTCACACAATGTA 



1578 



GACAGATI 

TACACATTCAMCACTTACMTTTCACTAAGTCGGAAAATTCAA 
ATAGGACATGTTCTATGCCTTATGCCAAATTAGAA 

TTCTMmGGCATMGGCATAGMCATGTCCTATTTGAATTTT 

CCGACTTAGTGAAATTGTAAGTGTTTGMTGTGTATGGGCAGC 
AGAGCTTCTTCTAAGTGCATTT CTCTCATCTGTC 

AACACJTACAAJTTCAC 

GTGAAATTGTAAGTGTT 

bAUAUATGAGAGAMTGC^CnTAG^ 

TACACATTCAAACACTTACAATTTCACTAAGTCGGAAAATTCAA 
ATAGGACATGTTCTATGCCTTATGCCAAATTAGAA 



1580 



1581 



1582 



nCTMTTTGGCATAAGGCATAGAACATGTCCTATTTGAATTTT 

CCGACTTAGTGAAATTGTAAGTGTTTGAATGTGTATGGGCAGC 
AGAGCTTCTTCTAAGTGCATTTCTCTCATCTGTC 



1583 
1584 
1585 



1586 



AACACTTACAATTTCAC 



GTGAAATTGTAAGTGTT 

ACCGTCGATTGAATCCTATTGTGAAGATGATLjAAAG I AAG 1 1 1 1 

GCAGTTATGGTCAATACCCAGCCGACCTAGCCCATAAAATACA 
TAGTGCAAATCATATGGATGATAATGATGGARAA 



1587 



1588 



TTCTCCATCATTATCATCCATATGATTTGCACTATGTATTTTAT 

GGGCTAGGTCGGCTGGGTATTGACCATAACTGCAAAACTTAC 
TTTCATCATCTTCAGAATAGGATTCAATCGAGGGT 



GGTCAATACCCAGCCGA 



TCGGCTGGgTATTGACC 

ACCCAGCCGACCTAGCCCATAAAATACATAGTGCAAATCATA 
TGGATGATAATGATGGAGAACT AGATACACCAATAAATTATAG 

TCTTAAATATTCAGATGAGCAGTTGAACTCTGGAA 

TTCCAGAGTT CAACTGCTCATCTGAATATTTAAGACTATMTTT 
ATTGGTGTATGTAGTTCTCCATCATTATCATCCATATGATTTGC 
ACTATGTATTTTATGGGCTAGGTCGGCTGGGTA 



1589 



1590 



1591 



1592 



ATCTAGTTCTCCATCAT 



atgaaaucctcgattgaatcctAttCTgAagATGATgaaagtA 

agttttgcagttatggtcaatacccagccgacctagcccataa 
aatacatagtgcaaatcatatggatgataatgatg 



1593 



1595 



1596 



CATCATTATCATCCATATGATnGCACTATGTATTTTATGGGCT 

AGGTCGGCTGGGTATTgACCATAACTGCAAAACTTACTTTCAT 
CATCTTCAGAATAGGATTCAATCGAGGGTTTCAT 



1598 



/ 

I 
t 
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GTTATGGTCAATACCCA 


1599 


TA A AT" ATTA A A/> AT AAA 

TGGGTATTGACCATAAC 


a AAA 

1600 


Adenomatous oolvoosis 

coD 

Gln1041Term 
CAA-TAA 


TGMGATGATGAAAGtMGTTTTGCAGTTATGCaTCAATACCCA 

GCCGACCTAGCCCATAAAATACATAGTGCAAATCATATGGATG 
ATAATGATGGAGAACTAGATACACCAATAAATTAT 


1601 


ATMTTTATTGGTGTATCTAGTTCTCCATCATTATCATCCATAT 

GAmGCACTATGTATTTTATGGGCTAGGTCGGCTGGGTATTG 

ACCATAACTGCAAAACTTACTTTCATCATCTTCA 


1602 


GCCCATAAAATACATAG 


1603 




CTATGTATTTTATGGGC 


1604 


Adenomatous polyposis 

A/\fi 

C0II 

Gln1045Term 
CAG-TA6 


a -r* A A 4T1* AT" A ATAT ff' AAA TATTAA /"V A T*/^ A AAa 7 V ■ ■ W ft!" A a^/VTaX" 

ATAAATTATAGTCTTAAATATTCAGATGAGCAGTTGAACTCTGG 

A AOr^PA A A/^TPf^TTPA^AOA AT/"* A A A^ATOPOOA A^APPPAA 

AAbbOAAAu 1 L»U 1 1 wAw\uAA 1 uAAAliA 1 bouLAACiAULLAA 

ACACATAATAGAAGATGAAATAAAACAAAGTGAGC 


"a™ i% f\ 

1605 


GCTCACmGTmAmCATCnCTAmTGTGTTTGGGTCn 

GCCCATCTTTCATTCTGTGAAGGACTTTGCCTTCCAGAGTTCA 

ACTGCTCATCTGAATATTTAAGACTATAATTTAT 


1606 


GTCCTTCACAGAATGAA 


1607 


TTCATTCTGTGAAGGAC 


A AA AA 4A 

1608 


Adenomatous polyposis 

coli 

Gln1067Term 
CAA-TAA 


GAAAGATGGGCAAGACCCAAACACATAATAGAAGATGAAATAA 
AACAAAGTGAGCAAAGACAATCAAGGAATCAAAGTACAACTTA 
TCCTGTTTATACTGAGAGCACTGATGATAAACACC 


1609 


GGTGTTTATCATCAGTGCTCTCAGTATAAACAGGATAAGTTGT 
ACTTTGATTCCTTGATTGTCTnGCTCACTTTGTTnATTTCATC 

» Iff • I • 1 • * • ■ 1 III I \\^ III 1 I ■ 1 I » III • 1 

TTCTATTATGTGTTTGGGTCTTGCCCATCTTTC 


1610 


AGCAAAGACAATCAAGG 


1611 


CCTTGATTGTCTTTGCT 

WW ■ • ^rfwl 1 1 1 W III V/ 1 


1612 

IV lA 


Adenomatous polyposis 
coli 

Tyr1075Term 
TAT-TAG 


AATAGAAGATGAAATAAAACAAAGTGAGCAAAGACAATCAAGG 

AATCAAAGTACAACTTATCCTGTTTATACTGAGAGCACTGATG 

ATAAACACCTCAAGTTCCAACCACATTTTGGACAG 


1613 


CTGTCCAAAATGTGGTTGGAACTTGAGGTGTTTATCATCAGTG 
CTCTCAGTATAAACAGGATAAGTTGTACTTTGATTCCTTGATTG 
TCTTTGCTCACmGrnTATTTCATCnCTATT 


1614 


ACAACTTAICCTGTTTA 


1615 


AAA A ^*a A ^A A A AA^^M^M ^mA« 

TAAACAGGATAAGTTGT 


1616 


Adenomatous polyposis 
con 

Tyr1102Term 
TAC-TAG 


TGATGATAAACACCTCAAGTTCCAACCACATTTTGGACAGCAG 

OA ATPTPTTTAT A A AT A /» A APT A A AOAO A A OA A A ATAATTA A 

GAATGTGI 1 lUlCCATACAGGTCACGGGGAGCCAATGUI ICA 
GAMC AAATC G AGTGGGTTCTAATC ATGGAATTAAT 


1617 


AnMTTCCATGATTAGAACCCACTCGA7TTGTTTCTGAACCAT 

TGGCTCCCCGTGACCTGTATGGAGAAACACATTCCTGCTGTC 
CAAAATGTGGTTGGAACTTGAGGTGTTTATCATCA 


1618 


TCTCCATACAGGTCACG 


1619 


CfiTGAOCTGTATGGAGA 


1fi?n 
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( 
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Adenomatous polyposis 
coli 

SerlllOTerm 
TCA-TGA 



Adenomatous polyposis 
coli 

Arg1114Term 
CGA-TGA 



Adenomatous polyposis 
coli 

Tyr1135Term 
TAT-TAG 



Adenomatous polyposis 
coli 

Gln1152Term 
CAG-TAG 



Adenomatous polyposis 
coli 

Gln1175Term 
CAG-TAG 



TS2T 



CATCTTCTTGACACAMGACTGGCTTACATTTTGATTAATTCCA 

TGATTAGMCCCACTCGATTTGTTTCTGAACCATTGGCTCCCC 
GTGACCTGTATGGAGAAACACATTCCTGCTGTCC 



AAACAAATCGAGTGGG1 
ACCCACTCGATTTGTTT 

GGGTTCTMTCATGGAATTAATCAAAATGTAAGCCAGTCTTTG 

TGTCAAGAAGATGACTATGAAGATGATAAGCCTACCAATTATA 
GTGAACGTTACTCTGAAGAAGAACAGCATGAAGAA 

nCTTCATGCTGTTCTTCTTCAGAGTAACGTTCACTATAATTGG 

TAGGCTTATCATCTTCATAGTCATCTTCTTGACACAAAGACTG 
GCTTACATTTTGATTAATTCCATGATTAGAACCC 
GATGACTATGAAGATGA 
TCATCTTCATAGTCATC 



C5AAGATGACTA I UAAGATGATAAGCCTACCAATTATAGTGAAC" 
GTTACTCTGAAGAAGAACAGCATGAAGAAGAAGAGAGACCAA 
CAAATTATAGCATAAAATATAATGAAGAGAAACGTC 

GACGTnCTCTTCATTATATTTTATGCTATMTTTGTTGGTCTCT 

CTTCTTCTTCATGCTfiTTCTTCTTCAGAGTAACGTTCACTATAA 
TTGGTAGGCTTATCATCTTCATAGTCATCTTC 
MGAAGAACAGCATGAA 

TTCATGCTGTTCTTCTT 

CjAAGAAGAGAGACCAACAAA ['TATAGCATAAAATATAATGAAu 

AGAMCGTCATGTGGATCAGCCTATTGATTATAGTTTAAAATAT 
GCCACAGATATTCCTTCATCACAGAAACAGTCAT 

ATGACTGTTTCTGTGATGMGGMTATCTGTGGCATATTTTAAA 

CTATMTCAATAGGCTGATCCACATGACGTTTCTCnCATTATA 
TTTTATGCTATAATTTGTTGGTCTCTCTTCTTC 
ATGTGGATCAGCCTATT ' 



1626 



1627 
1628 

1629 



1630 



1631 
1632 



1637 



1634 



1635 
1636 

W 



1638 



1639 
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miii 


Adenomatous polyposis 
coli 

Pro1176Leu 
CCT-CTT 


AAfWWW^PAAPAAATTATAGPATAAAATATAATGAAGAGAA 

ACGTCATGTGGATCAGCCTATTGATTATAGTTTAAAATATGCCA 
CAGATATTCCTTCATCACAGAAACAGTCATTTTC 


1841 


GAAMTGACTGTTTCTGTGATGAAGGAATATCTGTGGCATATT 

TTAAACTATAATCAATAGGCTGATCCACATGACGTTTCTCTTCA 

TTATATTTTATGCTATAATTTGTTGGTCTCTCTT 


1642 


GGATCAGCCTATTGATT 


1643 


AATCAATAGGCTGATCC 


1644 


Adenomatous polyposis 
coli 

Ala1184Pro 
GCC-CCC 


ATAAAATATAATftAAfiAftAAAPftTPATftTftftATPAftPPTATTft 
M 1 MnMM 1 M 1 MM 1 OMM VJtMVjMMMUO 1 L/M 1 0 1 w\3M 1 Unuw 1 M 1 1 0 

ATTATAftTTT A A A ATATCPP AP Aft AT ATTPPTTP ATP AP Aft A A A 
AM IMlMol 1 IMMMMI Ml VJUOMUMuM 1 M 1 IL»V/I 1 v/M 1 UMLrMoMMM 

CAGTCATTTTCATTCTCAAAGAGTTCATCTGGAC 


1fiA*» 

I OHO 




GTCCAGATGAACTCTTTGAGAATGAAAATGACTGTTTCTGTGA 
TGAAGGAATATCTGTGGCATA 1 1 1 1 AAACT ATAATCAATAGGCT 
GATCCACATGACGTTTCTCTTCATTATA 1 1 1 1 AT 


1646 


TAAAATATGCCACAGAT 


1647 


AICIGIGGCAIAIIIIA 


1648 


Adenomatous polyposis 

Ser1194Term 
TCA-TGA 


ATPAftPPTATTftATTATAftTTTAAAATATftPPAPAftATATTPPT 
M I OnOw 1 M 1 1 OM 1 1 M 1 MO 1 1 1 MMMM 1 M 1 UMUMVJn 1 M 1 1 L»V/ 1 

TCATCACAGAMCAGTCATTTTCATTCTCAAAGA6TTCATCTG 
GACAAAGCAGTAAAACCGAACATATGTCTTCAAG 


IRAQ 
iota 


CTTGMGACATATGnCGGTTTTACTGCTTTGTCCAGATGAAC 
GTGGCATATH 1 AAACTATAATCAATAGGCTGAT 


1650 


GAAACAGTCATTTTCAT 


1651 


ATft A A A ATft APTftTTTP 
M i OMMMM 1 \Jn\j lOI I Iv 


1 00 L 


Adenomatous polyposis 

cofi 

WWII 

Ser1198Tem» 
TCA-TGA 


ATT ATAftTTTAAAATATftPPAPAftAT ATTPPTTP ATP APAftAAA 
M 1 I M 1 MV3 1 1 1 MMMM 1 M 1 OlsVsMOMwM 1 M 1 1 L»0 1 1 V/M 1 OMwMOMMM 

CAGTCATTTTCATTCTCAAAGAGTTCATCTGGACAAAGCAGTA 
AAACCGAACATATGTCTT CAAGCAGTGAGAATAC 


\$>Xk 1 
1000. 


GIAI ICICACIGCI IGAAGACAIAIGI ICGGI 1 1 IACIGCI 1 IG 

TfY*Af5ATfiAAfTfTTTftAf3AATf5AAAATftAPTfiTTTrTfVrfiAT 

GAAGGAATATCTGTGGCATA 1 1 1 IAAACTATAAT 


1654 


TTCATTCTCAAAGAGTT 


1655 


AAPTPTTTGAftAATGAA 

nnv Ivl 1 1 V3n\3An 1 VJMM 


lOOO 


Adenomatous polyposis 
coli 

Gln1228Term 
CAG-TAG 


APPftAAPATATftTPTTPAAftPAftTfiAftAATAPfiTPPAPAPPTT 

MwwVJMMwM InlOlwl 1 UnoVJwnO 1 V3MOMM 1 MVsO 1 UUnUnuU 1 1 

CATCTAATGCCAAGAGGCAGAATCAGCTCCATCCAGTTCTGC 
ACAGAGTAGAAGTGGTCAGCCTCAAAGGCTGCCACT 


IQOi 


AGTGGCAGCCTTTGAGGCTGACCACTTCTACTCTGTGCAGAA 
CTGGATGGAGCTGATTCTGCCTCTTGGCATTAGATGAAGGTG 
TGGACGTATTCTCACTGCTTGAAGACATATGTTCGGT 


1658 


CCAAGAGGCAGAATCAG 


1659 


CTGATTCTGCCTCTTGG 


1660 



C ( . 
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Ma 



Adenomatous polyposis 
coli 

Gln1230Term 
CAG-TAG 



CATATGTCTTCMGCACSTGAGAA I ACGTCCACACCTTCATCTA" 

ATGCCAAGAGGCAGAATCAGCTCCATCCAGTTCTGCACAGAG 
TAGAAGTGGTCAGCCTCAAAGGCTGCCACTTGCAAfi 



CTTGCAAGTGGCAGCCTTTGAGGCTGACCACTTCTACTCTGT 

GCAGAACTGGATGGAGCT6AT7CTGCCTCTTGGCATTAGATG 
AAGGTGTGGACGTATTCTCACTG CTTGAAGACATATfi 

GGCAGAATCAGCTCCAT 

ATGGAGCTGATTCTGCC 



Adenomatous polyposis 
coli 

Cys1249Term 
TGC-TGA 



Adenomatous polyposis 
coli 

Cys1270Term 
TGT-TGA 



Adenomatous polyposis 
coli 

Ser1276Term 
TCA-TGA 



Adenomatous polyposis 
coli 

Glu1286Term 
GAA-TAA 



tcagc I CCAI ccaagttctgcACagagtagaagtggtcagcc 

TCAAMGGCTGCCACnGCAAAGTTTCTTCTATTAACCAAGAA 
ACAATACAGACTTATTGTGTAGAAGATACTCCAATA 

TATTGGAGTATCTTCTACACAATAAGTCTGTATTGTTTCTTGGT 

TMTAGMGAMCTTTGCAAGTGGCAGCCTTTTGAGGCTGACC 
ACTT CTACTCTGTGCAGAACTTGGA TGGAGCTGA 

GCCACTTGCAAAGTTTC 
GAAACTTTG CAAGTGGC 

A(jl 1 1 GTrCTATTAACCAAGAAACAA i ACAGACTTATTGTGTAG 

mgatactccmtatgttt7tcaagatgtagttcattatcatct 

ttgtcatcagctgaagatgaaataggatgtaat 

attacatcctai 1 1 cai cttcagctgatgacaaagatgataatg 

mctacatcttgaaaaacatattggagtatcttctacacaataa 
gtctgtattgtttcttggtta atagaagaaact 

ccaatatgtttttcaag 

cttgaaaaacatattgg 

aacaaaacaatauacaacttattg i gtagaagatactccaatatgt' 

ttttcaagatgtagtt£a7tatcatcntgtcatcagctgaaga 
tgaaataggatgtaatcagacgacacaggaagc 

gcttcctgtgtcgtctgattacatcctatttcatcttcagctg 

atgacaaagatgataatgaactacatcttgaaamcatattgga 
gt atcttctacacaataagtctg tattgtttntt 

atgtagttcattatcat 

atgataatgaactacat 

gatactccmtatgtttttcaagatgtagttca7tatcatct7t 

gtcatcagctgaagatgaaataggatgtaatcagacgacaca 
ggaagcagattctgct aataccctgcaaatagcar 



CTGCTATTTGCAGGGTATTAGCAGMTCTGCTTCCTGTGTCGT 

CTGATTACATCCTATTTCATCTTCAGCTGATGACAAAGATGATA 
ATGAACTACATCTTGAAAAACAT ATTGGAGTATn 

CTGAAGATGAAATAGGA 
TCCTATTTCATCTTCAG 



1662 



1666 



1667 



1670 



1671 



1674 



1675 

1676 
1677 



1678 



1679 
1680 



( 

I 

\ 
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ISEQiDI 

lUil 


Adenomatous polyposis 
coif 

Gln1294Term 
CAG-TAG 


TGTAGTTCATTATCAtCTTrGTCATCAGCTGAAGATGAAAtAGG 
ATGTAATCAGACGACACAGGAAGCAGATTCTGCTAATACCCTG 
CAAATAGCAGAAATAAAAGAAAAGATTGGAACTA 


1681 


TAGTTCCMTCTmCTTTTATTTCTGCTATTTGCAGGGTATTA 
GCAGAATCTGCTTCCTGTGTCGTCTGATTACATCCTATTTCAT 
CTTCAGCTGATGACAAAGATGATAATGAACTACA 


1682 


AGACGACACAGGAAGCA 


1683 


TGCTTCCTGTGTCGTCT 


1684 


Predisposition to, 
association with, 
colorectal cancer 
lle1307Lys 
ATA-AAA 


TAGGATGTAATCAGACGACACAGGAAGCAGATTCTGCTAATAC 
CCTGCAAATAGCAGAAATAAAAGAAAAGATTGGAACTAGGTCA 

GCTGAAGATCCTGTGAGCGAAGTTCCAGCAGTGTC 


1685 


GACACTGCTGGAACTTCGCTCACAGGATCTTCAGCTGACCT A 
GTTCCMTCTmCTTnATTTCTGCTATTTGCAGGGTATTAGC 
AGAATCTGCTTCCTGTGTCGTCTGATTACATCCTA 


1686 


AGCAGAAATAAAAGAAA 


1687 


TTTCTTTTATTTCTGCT 


1688 


Adenomatous polyposis 

con 

Glu1309Term 
GAA-TAA 


CCAAGAAACAATACAGACTTATTGTGTAGAAGATAPTPnAATA 
TCTTTTI PA AGATGTAGTTP ATTATPATPTTTftTP ATPAGPTftA 

1 0 1 1 1 1 1 V/MMV3M 1 0 1 nOl 1 Un 1 Irtl V/M 1 U 1 1 lol wM 1 Unwu 1 

AGATGAAATAGGATGTAATCAGACGACACAGGAA 


IRAQ 

f V\J*J 


TTCCTGTGTCGTCTGATTACATCCTATTTCATCTTCAGCTGATG 

ACAAAGATGATAATGAACTACATCTTGAAAAACATATTGGAGTA 
TCTTCTACACAATAAGTCTGTA7TGTTTCTTGG 


1690 


AGATGTAGTTCATTATC 


1691 


GATAATGAAPTAPATPT 




Predisposition to 
Colorectal Cancer 

WWIWI WWIUI N^Vtl IWwl 

Glu1317Gln 
GAA-CAA 


GATTPTGPTAATAPPPTGPAAATAGPAGAAATAAAAGAAAAGA 

TTGGAACTAGGTCAGCTGAAGATCCTGTGAGCGAAGTTCCAG 
CAGTGTCACAGCACCCTAGAACCAAATCCAGCAGAC 




GTCTGCTGGATTTGGTTCTAGGGTGCTGTGACACTGCTGGAA 
CTTCGCTCACAGGATCTTCAGCTGACCTAGTTCCAATCTTTTC 

1 1 1 1 ATTTCTGCTATTTGCAGGGTATTAGCAGAATC 


1694 


GGTCAGCTGAAGATCCT 


1695 


AGGATCTTCAGCTGACC 


1696 


Adenomatous nnlvnnsfc 

coli 

Gln1328Term 
CAG-TAG 


AAAGAAAAGATTGGAACTAGRTCARCTRAARATCCTGTGAGC 

GAAGTTCCAGCAGTGTCACAGCACCCTAGAACCAAATCCAGC 
AGACTGCAGGGTTCTAGTTTATCTTCAGAATCAGCCA 


1697 


TGGCTGATTCTGAAGATAAACTAGAACCCTGCAGTCTGCTGG 
ATTTGGTTCTAGGGTGCTGTGACACTGCTGGAACTTCGCTCA 
CAGGATCTTCAGCTGACCTAGTTCCAATCTTTTCTTT 


1698 


CAGTGTCACAGCACCCT 


1699 




AGGGTGCTGTGAOACTG 


1700 



c 

WO 01/73002 
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Adenomatous polyposis 
cofi 

9n1338Term 
CAG-TAG 




UAIUCTGTGAGUGAAGTTCCAGCAG I GTCACAGCACCCTi _ 

ACCAAATCCAGCAGACTGCAGGGTTCTAG1TTATCTTCAGAAT 
CAGCCAGGCACAAAGCTGTTGAATTTTCTTCAGGAG 

CTCCTGAAGAAAATTCAACAGCTTTGTGCCTGGCTGATTCTGA 
AGATAAACTAGAACCCTGCAGTCTGCTGGATTTGGTTCTAGG 
GTGCTGTGACACTGCTGGAAC TTCGCTCACAGGATC 

GCAGACTGCAGGGTTCT 
AGAACCCTGCAGTCTGC 



S3 



Adenomatous polyposis 
coli 

Leu1342Term 
TTA-TAA 



Adenomatous polyposis 
coli 

Arg1348Trp 
AGG-TGG 



Adenomatous polyposis 
coli 

Gly1357Term 
GGA-TGA 



AAG7 1 CCAGCAGi CiTCACAGCACCC I AGAACCAAATCCAGCA' 

GACTGCAGGGTTCTAGTTTATCTTCAGAATCAGCCAGGCACAA 
AGCTGTTGAATTTTCnCAGGAGCGAAATCTCCCTC 

GAGGGAGATTTCGCTCCTGAAGAAAATTCAACAGCTTTGTGC 

CTGGCTGATTCTGAAGATAAACTAGAACCCTGCAGTCTGCTG 
GATTTGGTTCTAGGGTGCTGTGACA CTGCTGGAAmT 

TTCTAGTTIATCTTCAG 

CTGAAGATAAACTAGAA 

UAGCACCCTAGAAUUAAATCCAGCAGACTGCAGGGTTCTAGT 
7TATC1TCAGAATCAGCCAGGCACAAAGCTGTTGAATTTTCTT 
CAGGAGCGAAATCTCCCTCCCGAAAGTGGTGCTCAG 

ctgagcaccactttcgggagggagatttcgctcctgaagaaa 
attcaacagctttgtgcctggctgattctgaagataaactaga 

ACCCTGCAGTCTGCTGGATTTGGTTCT AGGGTflrTfi 
MTCAGCCAGGCACAAA 

TTTGTGCCIGGCTGATT 



1702 



1703 
1704 



1706 



1707 
1708 



Adenomatous polyposis 
coli 

Gln1367Term 
CAG-TAG 



AUGGTTCTAG1 1 1 ATCTTCAGAA I CAGCCAGGCACAAAG 

CTGTTGAATTTTCTTCAGGAGCGAAATCTCCCTCCCGAAAGTG 
GTGCTCAGACACCCCAAAGTCCACCTGAACACTAT 

ATAGTGTTCAGGTGGACTTTGGGGTGTCTGAGCACCAC7TTC 
GGGAGGGAGATTTCGCTCCTGAAGAAMTTCAACAGCTTTGT 

GCCTGGCTGATTCTGAAGATAAACTAGAACCCTGCAG 
TTTCTTCAGGAGCGAAA 

TTTCGCTCCTGAAGAAA 

CIICAGGAGCGAAATCTCC 



1710 



1714 



1715 
1716 



vunv«unv*wov/IOI IV3MAI I I I \_» I I OAuVjAUUUAAATCTCC 

CTCCCGAAAGTGGTGCTCAGACACCCCAAAGTCCACCTGAAC 
ACTATGTTCAGGAGACCCCACTCATGTTTAGCAGAT 

ATCTGCTAAACATGAGTGGGGTCTCCTGAACATAGTGTTCAG 
GTGGACTTTGGGGTGTCTGAGCACCACTTTCGGGAGGGAGAT 
TTCGCTCCTGAAGAAAATTCAACAGCTTTGTGCCTGG 
GTGGTGCTCAGACACCC " 



iAGC.ACC.Ar. 



mi 



1718 



1719 
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Adenomatous polyposis 
coli 

Lys1370Term 
AAA-TAA 


AMGCTGTTGAATTTTCTTCAGGAGPRAAATrTrr^TrrAAAA 

GTGGTGCTCAGACACCCAAAAGTCCACCTGAACACTATGTTC 
AGGAGACCCCACTCATGTTTA6CAGAT6TACTTCTG 




CAGAAGTACATCTGCTAAACATGAGTGGGGTCTCCTGAACATA 
GTGTTCAGGTGGACTTTTGGCTffrCT^GCAnfiArTTTTRGA 

GGGAGATTTCGCTCCTGAAGAAAATTCAACAGCTTT 


1722 


AGACACCCAAAAGTCCA 


1723 


TGGAP1 1 1 TGGGTGTPT 


170A 


Adenomatous polyposis 
coli 

WWII 

Ser1392Term 
TCA-TAA 


PAPPTGAAPAPTATftTTPAf^AfiAPPPPAPTPATCTTTArcrA 
wnUU 1 UnMlrMU InlOl 1 UA L7v3tAVJtAUOL»L/Au/ J OA 1 0 1 1 1 AlJl/A 

GATGTACTTCTGTCAGTTCACTTGATAG IIII GAGAGTCGTTC 
GATTGCCAGCTCCGTTCAGAGTGAACCATGCAGTGG 




CCACTGCATGGTTCACTCTGAACGGAGCTGGCAATCGAACGA 

CTCTCAAAACTATCAACiTGAAflTRArARAAftTArATrTRrTAA 

ACATGAGTGGGGTCTCCTGAACATAGTGTTCAGGTG 


1726 


TGTCAGTTCACTTGATA 


1727 


TATPAAGTGAAPTGAPA 


1 1 LO 


Adenomatous polyposis 

coli 

vwll 

Ser1392Term 
TCA-TGA 


P A PPT/2 AAPA PT ATPTTP A AP/\ PP^P A PTP A TPTTTA PP A 

GATGTACTTCTGTCAGTTCACTTGATAGTTTTGAGAGTCGTTC 
GATTGCCAGCTCCGTTCAGAGTGAACCATGCAGTGG 


1729 


CCACTGCATGGTTCACTCTGAACGGAGCTGGCAATCGAACGA 

fTrTrAAAArTATrAARTRAArTftArArtAAftTArATrTftirTAA 

ACATGAGTGGGGTCTCCTGAACATAGTGTTCAGGTG 


1730 


TGTCAGTTCACTTGATA 


1731 


TATPA AiTTft A APTY2 APA 


If OZ 


Adenomatous polyposis 
coli 

VWIf 

Qu1397Tenm 
GAG-TAG 


/^TTr*A/^^!A^APr k r h PAr k TPAT/^TTTA^PAr*ATr*TApTTPTPTr fc A 
0 1 1 OAooAo AUOUL»AO 1 V/A lol 1 1 AoOAoA 1 0 1 AU 1 1 U 1 V3 1 LA 

GTTCACTTGATAGTTTT(5AGAGTCGTTCGATTGPPAGPTPPr5T 
TCAGAGTGAACCATGCAGTGGAATGGTAGGTGGCA 


1 7?*i 
1 1 00 


TGCCACCTACCATTCCACTGCATGGTTCACTCTGAACGGAGC 

TCGCAATCGAArtSAflTrTCAAAArTATrAAriTRAArTftArARA 1 

AGTACATCTGCTAAACATGAGTGGGGTCTCCTGAAC 


1734 


ATAGTTTTGAGAGTCGT 


1735 


APGAPTPTPAAAAPTAT 


1 f 00 


Adenomatous polyposis 
coli 

Lys1449Term 
AAG-TAG 


PAAAPPATGPPAPPAAGPAGAAGTAAAaPAPPTPPAPPAPPT 

CCTCAAACAGCTCAAACCAAGCGAGAAGTACCTAAAAATAAAG 
CACCTACT GCTGAAAAGAGAGAGAGTGGACCTAAGC 


1/0/ 


GCTTAGGTCCACTCTCTCTCTTTTCAGCAGTAGGTGCTTTAn 
TTTAGGTACTTCTCGCnGGTTTGAGCTGTTTGAGGAGGTGGT 
GGAGGTGI 1 1 1 ACTTCTGCTTGGTGGCATGGTTTG 


1738 


CTCAAACCAAGCGAGAA 


1739 


TTCTCGCTTGGTTTGAG 


1740 


Adenomatous polyposis 
coli 

Arp1450T*rm 


ACCATGCCACCAAGCAGAAGTAAAACACCTCCACCACCTCCT 

CAAACAGCTCAAACCAAGCGAGAAGTACCTAAAAATAAAGCAC 

CTACTGCTGAAAAGAGAGAGAGTGGACCTAAGCAAG 


1741 



CGA-TGA 



WO 01/73002 



v. . 



PCT/US01/09761 



-147- 



adenomatous polyposis 

con 

Ser1503Term 
TCA-TAA 



Adenomatous polyposis 
cofi 

Gln1529Term 
CAG-TAG 



Adenomatous polyposis 
coli 

Ser1539Term 
TCA-TAA 



Adenomatous polyposis 
coli 

Ser1567Term 
TCA-TGA 



adenomatous polyposis 
coli 

>18??Val 



CnGCT TAGGTCCACTCTCTCTCTrnCAGCAGTAGGTGCTTT 
ATTTrTAGGTACTTCTCGCTTGGTTTGAGCTGTTTGAGGAGGT 
GGTGGAGGTGTTTTACTTCTGCTTGGTGGCATGGT 



GAC-GTC 



AAACCAAGCGAGAAGTA 
TACTTCTCGCTTGGTTT 

CAGATGCTGA1 AC IT fATTACA 1 1 1 1 GOCACGGAAAGTACTCC 

AGATGGATTTTCTTGTTCATCCAGCCTGAGTGCTCTGAGCCTC 
GATGAGCCATTTATACAGAAAGATGTGGAATTAAG 

CTTAATTCCACATCTTTCTGTATAAATGGCTCATCGAGGCTCA 

GAGCACTCAGGCTGGATGAACAAGAAAATCCATCTGGAGTAC 
TTTCCGTGGCAAAATGTMT AAAGTATCAGCATCTG 

TTCTTGTTC.ATCCAGCC 

GGCTGGATGMCAAGAA 
TGAGCCTCGATGAGCCAI 



1742 



1743 
1744 

74? 



1746 



1747 
1748 



GAATAATGCCTCCAGTTCAGGAAAATGACAATGGGAATGAAAC 

agaatcagagcagcctaaagaatcaaatgaaaacc 

ggtmcatttgattctitaggctgctctgattctgtttcanc 

ccattgtcatmcctgaactggaggcattattcttaattccac 
atctttctgtataaatggctcatcgaggctcar 



T749" 



CTCCAGTTCAGGAAAAT 
ATrTTCCTGAACTGGAG 

ATGTGGAATTAAGAATAATGCCTCCAG 1 1 CAGGAAAATGACAA 

TGGGMTGAAACAGAATCAGAGCAGCCTAAAGAATCAAATGAA 
AACCAAGAGAAAGAGGCAGAAAAAACTATrGATTC 

GMTCMTAGTTTTTTCTGCCTCTTTCTCTTGGTTTTCATTTGA 

TTCTTTAGGCTGCTCTGAnCTGTrrCATTCCCATTGTCATTTT 
CCTGAACTGGAGGCATTATTCTTAATTnCAnAT 



1750 



AACAGAATCAGAGCAGC 
GCTGCTCTGATTCTGTT 

AAAACCAAGAGAAAGAGGCAGAAAAAACTATTGATTCTGAAAA 
GGACCTATTAGATGATTCAGATGATGATGATATTGAAATACTA 
GAAGAATGT ATTATTTCTGCCATGCCAACAAAGTC 

GACTTTGTTGGCATGGCAGAAATAATACAnCTTCTAGTATTTC 

MTATC ATCATC ATCTGAATCATCTAATAGGTCCTTTTCAGAAT 
CAATAGTTTTTTCTGCCTCmCTCTTGGTTTT 



1751 
1752 
1753 



1754 



AGATGATTCAGATGATG 



CATCATCTfiAATCATCT 

AliAtiAtil 1 1 1 CI CAGACAACAAAGATTCAAAGAMCAGAA 1 1 1 

GAAAAATAATTCCAAGGACTTCAATGATAAGCTCCCAAATAAT 
GAAGATAGAGTCAGAGGAAGTTTT GCTTTTGATTn 



1758 



1759 



! 



WO 01/73002 



148 



PCT/US01/09761 











GMTCAAMGCAAMCTTCCTCTGACTCTATCTTCATTATTTGG 
GAGCTTATCATTGMGTCCTTGGMTTATTTTTCAAATTCTGP" 
TCTTTGAATCTTTGTT GTCTGAGAAAACTCTCT 


1762 


TTCCAAGGACTTCAATG 


1763 


CATTGAAGTCCTTGGAA 


1764 


Adenomatous polyposis 
coli 

Leu2839Phe 
CTT-TTT 


AAAACTGACAGCACAGAATCCAGTGGAACCCAAAGTCCTAAG 
CGCCATTCTGGGTCTTACCTTGTGACATCTGTTTAAAAGAGAG 
GAAGAATGAAACTAAGAAAATTCTATGTTAATTACA 


1765 


TGTMTTMCATAGMTTTTCTTAGTTTCAnCTTCCTCTCTTTT 
AAACAGATGTCACAAGGTAAGACCCAGAATGGCGCTTAGGAC 
TTTGGGTTCCACTGGATTCTGTGCTGTCAGTnT 


1766 


GGTCTTACCTTGTGACA 


1767 


TGTCACAAGGT AAGACC 


1768 



EXAMPLE 12 
Parahemophilia - Factor V Deficiency 

Deficiency in clotting Factor V is associated with a lifelong predisposition to thrombosis. 
The disease typically manifests itself with usually mild bleeding, although bleeding times and clotting 
times are consistently prolonged. Individuals that are heterozygous for a mutation in Factor V have 
lowered levels of factor V but probably never have abnormal bleeding. A large number of alleles with a 
range of presenting symptoms have been identified. The attached table discloses the correcting 
oligonucleotide base sequences for the Factor V oligonucleotides of the invention. 



Table 19 

Factor V Mutations and Genome-Correcting Ofioos 







mam 

mmm 


Factor V deficiency 

Ala221Val 

GCC-GTC 


TTGACTGMTGCTTATTTTGGCCTGTGTCTCTCCCTCTTTCTCA 

GATATAACAGTTTGTGfiCCATGACCACATCAGCTGGCATCTGC 
TGGGAATGAGCTCGGGGCCAGAATTATTCTCCAT 


4340 


ATGGAGAATAATTCTGGCCCCGAGCTCATTCCCAGCAGATGC 

CAGCTGATGTGGTCATGGGCACAAACTGTTATATCTGAGAAAG 

AGGGAGAGACACAGGCCAAAATAAGCATTCAGTCAA 


1769 


AGTTTGTGCCCATGACC 


1770 


GGTCATGGGCACAAACT 


1771 


Thrombosis 
Arg306Gly 


TGTCCTAACTCAGCTGGGATGCAGGCTTACATTGACATTAAAA 
ACTGCCCAAAGAAAACCAGGAATCTTAAGAAAATAACTCGTGA 


1772 



WO 01/73002 



-149- 



PCT/US01/09761 



(llllll 



Thrombosis 

Arg306Thr 

AGG-ACG 



Increased Risk 
Thrombosis 
Arg485Lys 
AGA-AAA 



increased Risk 
Thrombosis 
Arg506Gin 
CGA-CAA 



Factor V Deficiency 

Arg506Term 

CGA-TGA 



Thrombosis 
Arg712Term 
CGA-TGA 



TGAACi r ATTCCCACCTCTTCATGTGCCGCCTCTGCTCACGAGT 

TATTTTCnMGATTCCTGGTTTTCTnGGGCAGTTTTTAATGT 
CAATGTAAGCCTGCATCCCAGCTGAG'fTAnfiArA 



AGAAAACCAGGAATCTT 
AAGATTCCTGGTTTTCT 



1773 



1774 
1775 



GTT ATTTTCTTMGATTC£TGGTTTTCTTTGGGCAGTTTTTAAT 
GTCMTGTAAGCCTGCATCCCAGCTGA fiTTAfi^Ar 

GAAAACCAGGAATCTTA ~ 

TAAGATTCCTGGTTTTC 



x^S^ 1 ^ 1 bUjCAG 1 GC1T AACAAGACCATACTACAG 

TGACGTGGACATCATGAGAGACATCGCCTCTGGGCTAATAGG 

ACTACTTCTAATCTGTAAGAGCAGATCCCTGGACAG 

CTGTCCAGGGATCTGCTCTTACAGATTAGMGTAGTCCTATTA 

GCCCAGAGGCGATGTCTCTCATGATGTCCACGTCACTGTAGT 
ATGGTCTTGTTAAGCACTGGGCATCATT TTnTCT^ 

CATCATGAGAGACATCG ' 



1777 



1781 



1782 
1 783 
784 



CGATGTCTCTCATGATG 

AUArUGCCTGI GGGC IAATAGGAC I AC 1 1 CTMTCTGtAAGAO 

CAGATCCCTGGACAGGCGAGGMTACAGGTATTTTGTCCTTG 
AAGT AACCTTTCAGAAATTCTGAGAATTTCTTCTGG I 

CCAGMGAMnCTCAGMTTTCTGAAAGGTTACnCAAGGAC 1785 

AAAATACCTGTATTCCTCGCCTGTCCAGGGATCTGCTCTTACA ' 
GATTAGAAGTAGTCCTATTAGCCCARAR fir^ATrsT 

GGACAGGCGAGGAATAC 

GTATTCCTCGCCTGTCC , mi 

S^ATCGttT^ 

GCAGATCCCTGGACAGGCGAGGAATACAGGTATTTTGTCCTT ' 
GMGTMCCTTTCAGAAATTCTGAGAATTTCTTCTG , 

?^™ TOTtAUMmCTGAMGGnACT TCAAGGACA 1789 

AMTACCTGTATTCCTCGCCTGTCCAGGGATCTGCTCTTACAG 
ATTAGAAGTAGTCCTATTAGCCCAGAfl Rn^ATnTr 

TGGACAGGCGAGGAATA , 17Qn 

TAnCCTCGCCTGTCCA" ^ 



1786 
1787 



Ab i'uai GCTGAC I A I GATTACCAGAAUAGAC I GGCTGCAGCA" 

TTAGGAATCAGGTCATTCCGAAACTCATCATTGAATCAGGAAG 
AAGAAGAGTT CAATCTTACTGCCCTAGCTCTGGAG A 

TCTCUAUAUCTAGGGCAGTAAGAITGAACTCTTCTTCTTCCTG 

ATTCAATGATGAGTTTCGGAATGACCTGATTCCTAATGCTGCA 
GCCAGTCTGTTCTGGTAATCATAGTCAGCAT rArT 

GGTCATTCCGAAACTCA " 



T797 



1793 



1794 



PCT/US01/09761 

150- 



CfinicaJ Phenotype & I 




IK 


I 


TGAGTTTCGGAATGACC 


17Q*; 

1 / 5JO 


Thrombosis 
nis i y/v g 
CAT-CGT 


TCAGTCAbACAAALLr 1 1 1 UUUOAbOOU 1 Ubb I I vjuoum 

TTTCTCCAGACCTCAGCCATACAACCCTITCTCTAGACTTCAG 
CCAGACAAACCTCTCTCCAGAACTCAGTCAAACAAA 


17QR 

I / go 


TTTGTTTGACTGAGTTCTGGAGAGAGGTTTGTCTGGCTGAAGT 
CTAGAGAAAGGGTTGTATGGCTGAGGTCTGGAGAAATGGGCA 
TCTGACCGAGGGCTGGGGAAAGGTTTGTCTGACTGA 


1797 




CCTCAGCCATACAACCC 


1798 


* 


GGGTTGTATGGCTGAGG 


1799 I 



EXAMPLE 13 
Hemophilia ■ Factor VIII Deficiency 

The attached table discloses the correcting oligonucleotide base sequences for the 
Factor VIII oligonucleotides of the invention. 



( 

V 

WO 01/73002 



Table 20 

Factor VIII Mutations and Genome-Correcting Oliaos 




Haemophilia A 

Tyr5Cys 

TAC-TGC 



Haemophilia A 

Leu7Arg 

CTG-CGG 



Haemophilia A 

Ser(-1)Arg 

AGTg-AGG 



AGCTCTCCACCTGCTTCTnCTGTGCCTTTTGCGATTCTGCTT 
TAGTGCCACCAGAAGATACTACCTGGGTGCAGTGGAACTGTC 
ATGGGACTATATGCAAAGTGATCTCGGTGAGCTGCC 



1800 



GGCAGCTCACCGAGATCACTTTGCATATAGTCCCATGACAGT 
TCCACTGCACCCAGGTAGTATCTTCTGGTGGCACTAAAGCAG 
AATCGCAAAAGGCACAGAAAGAAGCAGGTGGAGAGCT 



1801 



CAGAAGATACTACCTGG 



1802 



CCAGGTAGTATCTTCTG 



CCACCTGCTTCTTICIGIGCCI 1 1 IGCGAI I U I GCTTTAGTGC 
CACCAGAAGATACTACCIGGGTGCAGTGGAACTGTCATGGGA 
CTATATGCAAAGTGATCTCGGTGAGCTGCCTGTGGA 



1803 

1 



TCCACAGGCAGCTCACCGAGATCACTTTGCATATAGTCCCAT 
GACAGTTCCACTGCACCCAGGTAGTATCTTCTGGTGGCACTA 
AAGCAGAATCGCAAAAGGCACAGAAAGAAGCAGGTGG 



1805 



ATACTACCTGGGTGCAG 



CTGCACCCAGGT AGTAT 



1806 
1807 



AGTCATGCAMTAGAGCTCTCCACCTGCTTCTTTCTGTGCCTT 

TTGCGATTCTGCTTTAGTGCCACCAGAAGATACTACCTGGGT 

GCAGTGGAACTGTCATGGGACTATATGCAAAGTGAT 



1808 



WO 01/73002 



PCT/US01/09761 



-151- 



Haemophilia A 

Arg(-5)Term 

gCGA-TGA 



Haemophilia A 

Glu11Val 

GAA-GTA 



Haemophilia A 
Trp14Gly 
aTGG-GGG 



Haemophilia A 
Tyr46Term 
TACa-TAA 



Haemophilia A 
Asp56Glu 
GATc-GAA 



ATCACTTTGCATATAGTCCCATGACAGTTCCACTGCACCCAG 
GT AGTATCTTCTGGTGGCACTAAAGCAGAATCGCAAAAGGCA 
CAGAAAGAAGCAGGTGG AGAGCTCT ATTTGCATGAfT 

TGCTTTAGTGCCACCAG 
CTGGTGGCACTAAAGCA 



m 



CATTTGTAGCMTAAGTCATGCAAATAGAGCTCTCCACCTGCT 

TCTTrCTGTGCCTTnGCGATTCTGCTTTAGTGCCACCAGAAG 
ATACTACCTGGGTGCAGTGGAACTGTCATGGGACT 

AGTCCCATGACAGTTCCACTGCACCCAGGTAGTATCTTCTGG 

TGGCACTAAAGCAGAATCGCAAAAGGCACAGAAAGAAGCAGG 
TGGAGAGCTCTATTTGC ATGACTTATTGCTACAAATft 

GCCTTTTGCGATTCTGC 
GCAGAATCGCAAAAGGC 

TTCTGTGCCTTTTGCGATTCTGCTTTAGTGCCACCAGAAGATA 
CTACCTGGGTGCAGTGGAACTGTCATGGGACTATATGCAAAG 
TGATCTCGGTGAGCTGCCTGTGGACGCAAGGTAAAG 

CTTTACCTTGCGTCCACAGGCAGCTCACCGAGATCACTTTGC 

ATATAGTCCCATGACAGTTCCACTGCACCCAGGTAGTATCTTC 
TGGTGGCACTAAAGCAG AATCGCAAAAGGCACAGAA 

TGCAGTGGAACTGTCAT 
ATGACAGTTCCACTGCA 

CTTTTGCGATTCTGCTTTAGTGCCACCAGAAGATACTACCTGG 
GTGCAGTGGAACTGTCATGGGACTATATGCAAAGTGATCTCG 
GTGAGCTGCCTGTGGACGCAAGGTAAAGGCATGTCC 

GGACATGCCTTTACCTTGCGTCCACAGGCAGCTCACCGAGAT 

CACTTTGCATATAGTCCCATGACAGTTCCACTGCACCCAGGT 
AGTATCTTCTGGTGGCA CTAAAGCAGAATCGCAAAAft 

AACTGTCATGGGACTAT 
ATAGTCCCATGACAGTT 

TTCACGCAGATTTCCTCCTAGAGTGCCAAAATCTTTTCCATTC 
AACACCTCAGTCGTGTACAAAAAGACTCTGTTTGTAGAATTCA 
CGGATCACCTTTTCAACATCGCTAAGCCAAGGCCA 



1809 



1810 
1811 

1812 



1813 



1814 
1815 



1816 



1817 



1818 
1819 
1820 



1821 



TGGCCTTGGCTTAGCGATGTTGAAAAGGTGATCCGTGAATTC' 
TACAAACAGAGT CTTTTTGTACACGACTGAGGTGTTGAATGGA 
AAAGATTTTGGCACTCTA GGAGGAAATCTGCGTGAA 
GTCGTGTACAAAAAGAC 

GTCTTTTTGTACACGAC 

ATCTrTTCCATTCAACACCTCAGTCGTGTACAAAAAGACTCTG 
TTTGTAGAATTCACGGATCACCTTTTCAACATCGCTAAGCCAA 
GGCCACCCTGGATGGGTAATGAAAACAATGTTGAA 



1822 
1823 
1824 



1825 



1826 
1827 
1828 



( 

v . _ 

PCT/US01/09761 



CfinicaJPhent>tff6*p 




mn 




TTCMCATTGTTTTCATTACCCATCCAGGGTGGCCTTGGCTTA 
GCGATGTTGAAAAGGTGATCCGTGAATTCTACAAACAGAGTC 
TTTrTGTACACGACTGAGGTGTTGAATGGAAAAGAT 


1829 


TTCACGGATCACCTTTT 


1830 


AAAAGGTGATCCGTGAA 


1831 


Haemophifia A 

Gly73Val 

GGT-GTT 


TTCTGGAGTACTATCCCCAAGTAACCTTTGGCGGACATCTCAT 

TCTTACAGGTCTGCTAG6TCCTACCATCCAGGCTGAGGTTTA 

TGATACAGTGGTCATTACACTTAAGMCATGGCTTC 


1832 


GMGCCATGTTCTTAAGTGTAATGACCACTGTATCATAAACCT 
CAGCCTGGATGGTAGGACCTAGCAGACCTGTAAGAATGAGAT 
GTCCGCCAAAGGTTACTTGGGGATAGTACTCCAGAA 


1833 


TCTGCTAGGTCCTACCA 


1834 


TGGTAGGACCTAGCAGA 


1835 


Haemophilia A 

Glu79Lys 

tGAG-AAG 


CAAGTMCCTTTGGCGGACATr.TCATTCTTACAGGTCTGCTAG 
GTCCTACCATCCAGGCTGAGG1TTATGATACAGTGGTCATTAC 
ACTTAAGAACATGGCTTCCCATCCTGTCAGTCTTC 


1836 

• 


GAAGACTGACAGGATGGGAAGCCATGTTCTTAAGTGTAATGA 
CCACTGTATCATAAACCTCAGCCTGGATGGTAGGACCTAGCA 
GACCTGTAAGAATGAGATGTCCGCCAAAGGTTACTTG 


1837 


TCCAGGCTGAGGTTTAT 


1838 


ATAAACCTCAGCCTGGA 


1839 


Haemophilia A 

Val80Asp 

GTT-GAT 


TAACCTTTGGCGGACATCTCATTCTTACAGGTCTGCTAGGTCC 
TACCATCCAGGCTGAGGTTTATGATACAGTGGTCATTACACTT 
AAGAACATGGCTTCCCATCCTGTCAGTCTTCATGC 


1840 


GCATGAAGACTGACAGGATGGGAAGCCATGTTCTTMGTGTA 
ATGACCACTGTATCATAAACCTCAGCCTGGATGGTAGGACCT 
AGCAGACCTGTAAGAATGAGATGTCCGCCAAAGGTTA 


1841 


GGCTGAGGTTTATGATA 


1842 


TATCATAAACCTCAGCC 


1843 


Haemophilia A 

Asp82Val 

GAT-GTT 

e 


TTGGCGGACATCTCATTCTTACAGGTCTGCTAGGTCCTACCAT 
CCAGGCTGAGGTTTATGATACAGTGGTCATTACACTTMGMC 
ATGGCTTCCCATCCTGTCAGTCTTCATGCTGTTGG 


1844 


CCAACAGCATGAAGACTGACAGGATGGGAAGCCATGTTCTTA 

AGTGTAATGACCACTGTAICATAAACCTCAGCCTGGATGGTA 

GGACCTAGCAGACCTGTAAGAATGAGATGTCCGCCAA 


1845 


GGTTTATGATACAGTGG 


1846 


CCACTGTATCATAAACC 


1847 


Haemophilia A 

Asp82Gly 

GAT-GGT 


TTGGCGGACATCTCATTCTTACAGGTCTGCTAGGTCCTACCAT 
CCAGGCTGAGGTTTATGATACAGTGGTCATTACACTTAAGAAC 
ATGGCTTCCCATCCTGTCAGTCTTCATGCTGTTGG 


1848 



r 

WO 01/73002 

-152- 



WO 01/73002 V 

-153- 



r 

PCT/US01/09761 



: : ;.y.;.' 



itt§i 



Haemophilia A 

VaJ85Asp 

GTC-GAC 



Haemophilia A 
Lys89Thr 
AAG-ACG 



Haemophilia A 

Met91Val 

cATG-GTG 



Haemophilia A 

His94Arg 

CAT-CGT 



Haemophilia A 

HisMTyr 

cCAT-TAT 



CCAACAGCATGAAGACTGACAGGATGGGAAGCCATGTTCTTA 

AGTGTAATGACCACTGTATCATAAACCTCAGCCTGGATGGTA 
GGACCTAGCAGACCTGT AAGMTGAGATGTCCGCOAA 

GGTTTATGATACAGTGG 
CCACTGTATCATAAACC 



m 

ill 



1849 



ATCTCATTCTTACAGGTCTGCTAGGTCCTACCATCCAGGCTGA 

GGTTTATGATACAGTGGICATTACACTTAAGAACATGGCTTCC 
CATCCTGTCAGTCTTCATGCTGTTGGTGTATCCTA 

TAGGATACACCMCAGCATGAAGACTGACAGGATGGGAAGCC 

ATGTTCTTAAGTGTAATGACCACTGTATCATAAACCTCAGCCT 
GGATGGTAGGACCTAGC AGACCTGTAAGAATGAGAT 

TACAGTGGTCATTACAC 
GTGTAATGACCACTGTA 

CAGGTCTGCTAGGTCCTACCATCCAGGCTGAGGTTTATGATA 
CAGTGGTCATTACACTTAAGAACATGGCTTCCCATCCTGTCA 
GTCTTCATGCTGTTGGTGTATCCTACTGGAAAGCnC 

GAAGCTTTCCAGTAGGATACACCAACAGCATGAAGACTGACA 

GGATGGGAAGCCATGTTCTTAAGTGTMTGACCACTGTATCAT 
AAACCTCAGCXTGGATG GTAGGACCTAGCAGACfrrft 

TACACTTAAGAACATG G 
CCATGTTCTTAAGTGTA 



1850 
1851 
1852 



1853 



1857 



CTGCTAGGTCCTACCATCCAGGCTGAGGTTTATGATACAGTG' 

GTCATTACACTTAAGAACATGGCTTCCCATCCTGTCAGTCTTC 
ATGCTGTTGGTGTATCCTACTGGAAAGCTTCTGAGG 

CCTCAGMGCTTTCCAGTAGGATACACCMCAGCATGAAGAC 

TGACAGGATGGGAAGCCATGTTCTTAAGTGTMTGACCACTG 
TATCATAAACCTCAGCCT GGATGGTAGGACCTARnAfi 

TTAAGAACATGGCTTCC 



1858 
1859 



GGAAGCCATGTTCTTAA 



CTACCATCCAGGCTGAGGTTTATGATACAGTGGTCATTACACT 
TAAGAACATGGCTTCCCATCCTGTCAGTC7TCATGCTGTTGGT 
GTATCCTACTGGAAAGCTTCTGAGGGTGAGTAAAA 

II I IAUIUACCCTCAGAAGCTTTCCAGTAGGATACACCAACAG 

CATGAAGACTGACAGGATGGGAAGCCATGTTCTTAAGTGTAA 
TGACCACTGTATCATAAA CCTCAGCCTGGATGGTAfi 

GGCTTCCCATCCTGTCA 
TGACAGGATGGGAAGCC 



1860 



1861 



CCTACCATCCAGGCTGAGGnTATGATACAGTGGTCATTACAC 
TTMGAACATGGCTTCCCATCCTGTCAGTCTT CATGCTGTTGG 
TGTATCCTACTGGAAAGCTTCTGAGGGTGAfrTAAA 



1862 
1863 
1864 



1865 



1866 
1867 
1866 



WO 01/73002 "'■ PCT/US01/09761 



-154- 






MS 




TTTACTCACCCTCAGAAGCTTTCCAGTAGGATACACCAACAGC 

ATGAAGACTGACAGGATGGGAAGCCATGTTCTTAAGTGTAAT 

GACCACTGTATCATAAACCTCAGCCTGGATGGTAGG 


1869 


TGGCTTCCCATCCTGTC 


1870 


GACAGGATGGGAAGCCA 


1871 


Haemophilia A 

Leu98Arg 

CTT-CGT 


CTGAGGTTTATGATACAGTGGTCATTACACTTAAGAACATGGC 
TTCCCATCCTGTCAGTCTrCATGCTGTTGGTGTATCCTACTGG 
AAAGCTTCTGAGGGTGAGTAAAATACCCTCCTATT 


1872 


AATAGGAGGGTATTTTACTCACCCTCAGAAGCTTTCCAGTAGG 
ATACACCAACAGCATGAAGACTGACAGGATGGGAAGCCATGT 
TCTTAAGTGTAATGACCACTGTATCATAAACCTCAG 


1873 


TGTCAGTCTTCATGCTG 


1874 


CAGCATGAAGACTGACA 


1875 


Haemophilia A 

Gty102Ser 

tGGT-AGT 

• 


GATACAGTGGTCATTACACTTAAGAACATGGCTTCCCATCCTG 
TCAGTCTTCATGCTGTTGGTGTATCCTACTGGAAAGCTTCTGA 
GGGTGAGTAAAATACCCTCCTATTGTCCTGTCATT 


1876 


MTGACAGGACAATAGGAGGGTATTTTACTCACCCTCAGAAG 
C7TTCCAGTAGGATACACCAACAGCATGAAGACTGACAGGAT 
GGGMGCCATGTTCTTAAGTGTAATGACCACTGTATC 


1877 


ATGCTGTTGGTGTATCC 


1878 


GGATACACCAACAGCAT 


1879 


Haemophilia A 

Glu113Asp 

GAAt-GAC 


CTTTGAGTGTACAGTGGATATAGAMGGACMTTTTATTTCTTC 
CTGCTATAGGAGCTGAATATGATGATCAGACCAGTCAAAGGG 
AGAAAGAAGATGATAAAGTCTTCCCTGGTGGAAGC 


1880 


GCTTCCACCAGGGMGACTTTATCATCTTCTTTCTCCCTTTGA 
CTGGTCTGATCATCATATTCAGCTCCTATAGCAGGAAGAAATA 
AAATTGTCCTTTCTATATCCACTGTACACTCAAAG 


1881 


GGAGCTGAATATGATGA 


1882 


TCATCATATTCAGCTCC 


1883 


Haemophilia A 

Tyr114Cys 

TAT-TGT 


TTGAGTGTACAGTGGATATAGAAAGGACAAT 1 1 IAI 1 ICI ICCI 
GCTATAGGAGCTGAATATGATGATCAGACCAGTCAAAGGGAG 
AAAGAAGATGATAAAGTCTTCCCTGGTGGAAGCCA 


1884 


TGGCTTCCACCAGGGAAGACTTTATCATCTTCTTTCTCCCTTT 

GACTGGTCTGATCATCAIATTCAGCTCCTATAGCAGGAAGAAA 

TAAAATTGTCCTTTCTATATCCACTGTACACTCAA 


1885 


AGCTGAATATGATGATC 


1886 


GATCATCATATTCAGCT 


1887 


Haemophilia A 

Asp116Gly 

GAT-GGT 


GTACAGTGGATATAGAMGGACMTTTTAT1TCTTCCTGCTATA 
GGAGCTGAATATGATGATCAGACCAGTCAAAGGGAGAAAGAA 
GATGATAAAGTCTTCCCTGGTGGAAGCCATACATA 


1888 



( - (- 

WO 01/73002 

PCT/US01/09761 

-155- 



Haemophilia A 
Gln117Term 
tCAG-TAG 



Haemophilia A 

Thr118lle 

ACC-ATC 



Haemophilia A 
Glu122Term 

gGAG-TAG 



Haemophilia A 

Asp126His 

tGAT-CAT 



Haemophilia A 

Gln139Term 

gCAG-TAG 



TATCTATGGCTTCCACCAGGGMGACTTTATCATCTfCTTT^ 

??^ITI^ CT ^ TCTGAICATCATATTCA GCTCCTATAGCAGG 
AAGAAATAAAATTGTCCT TTCTATATCCACTGTAn 

ATATGATGATCAGACCA 

TGGTCTGATCATCATAT 



■XvK'v 



ACAGTGGATATAGAAAGGACMTn rATTTCTTCCTGCTATAG 

GAGCTGAATATGATGATCAGACCAGTCAAAGGGAGAAAGMG 
ATGATAAAGTCTTCCCTGGTGGAAGCCATACATATG 

CATATGTATGGCTTCCACCAGGGAAGACTrTATCATCTTCTTr 

CTCCCTTTGACTGGTCTGATCATCATA7TCAGCTCCTATAGCA 
GGAAGAAATAAAATTGTC CTTTCTATATCCACTnT 

ATGATGATCAGACCAGT 

ACTGGTCTGATCATCAT 



1889 



1890 
1891 



TGGATATAGAMGGACAATTTTATTTCTTCCTGCTATAGGAGC 
TGAATATGATGATCAGACCAGTCAAAGGGAGAAAGAAGATGA 
TAAAGTCTTCCCTGGTGGAAGCCATACATATGTCTG 

CAGACATATGTATGGCTTCCACCAGGGAAGACTTTATCATCTT 

CTTTCTCCCTrTGACTGGTCTGATCATCATATrCAGCTCCTAT 
AGCAGGAAGAAATAAAAT TGTCCTTTCTATATCCA 

TGATCAGAgCAGTCAAA 
TTTGACTGGTCTGATCA 



1892 



1893 



AGGACMTTTTATTTCTTCCTGCTATAGGAGCTGAATATGATG 
ATCAGACCAGTCAAAGGGAGAAAGMGATGATAAAGTCTTCC 
CTGGTGGAAGCCATACATATGTCTGGCAGGTCCTGA 

tcaggacctgccagacatatgtatggcttccaccagggaaga" 

CTTTATCATCTTCTTTCTCCCTTTGACTGGTCTGATCATCATAT 
TCAGCTCCTATAGCAGGA AGAAATAAAATTGTnfT 

GTCAAAGGGAGAAAGAA 
TTCT7TCTCCCTTTGAC 



1894 
1895 
1896 



1897 



1898 
1899 



1900 



TTTCTTCCTGCTATAGGAGCTGAATATGATGATCAGACCAGTC 
AAAGGGAGAAAGMGATGATAMGTC1TCCCTGGTGGAAGCC 
ATACATATGTCTGGCAGGTCCTGAAAGAGAATGGTC 

GACCATTCTCTTTCAGGACCTGCCAGACATATGTATGGCTTCC~ 

ACCAGGGMGACTTTATCATCTTCTrrCTCCCTTTGACTGGTC 
TGATCATCATATTCAGCT CCTATAGCAGGAAGAAA 

AAGAAGATGATAAAGTC 

GA CTTTATCATCTTCTT 

AGTCAAAGGGAGAAAGAAGATGATAAAGTCTTCCCTGGTGGA 
™ A Ii CATATGTCTGG £ A ^ T CCTGAAAGAGAATGGTCCA 
^JGGCCJCJGACCCACTGTGCCTTACCTACTCATATC 



1901 



1902 
1903 
1904 



1905 



1906 
1907 
1908 



WO 01/73002 " PCT/US01/09761 

-156- . 
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GATATGAGTAGGTAAGGCACAGTGGGTCAGAGGCCATTGGA 

CCATTCTCTTTCAGGACCTGCCAGACATATGTATGGCTTCCAC 

CAGGGAAGACTTTATCATCTTCTTTCTCCCTTTGACT 


1909 


ATGTCTGGCAGGTCCTG 


1910 


CAGGACCTGCCAGACAT 


1911 


Haemophilia A 

Val140Ala 

GTC-GCC 

■ 


AAAGGGAGAAAGAAGATGATAAAGTCTTCCCTGGTGGAAGCC 
ATACATATGTCTGGCAGGTCCTGAAAGAGAATGGTCCAATGG 
CCTCTGACCCACTGTGCCTTACCTACTCATATCTTTC 


1912 

• 


GAAAGATATGAGTAGGTAAGGCACAGTGGGTCAGAGGCCATT 

GGACCATTCTCTTTCAGGACCTGCCAGACATATGTATGGCTT 

CCACCAGGGAAGACTrTATCATCTTCTTTCTCCCTn 


1913 


CTGGCAGGICCTGAAAG 


1914 


CTTTCAGGACCTGCCAG 


1915 


Haemophilia A 

Asn144Lys 

AATg-AAA 


AGATGATAAAGTCTTCCCTGGTGGAAGCCATACATATGTCTG 
GCAGGTCCTGAAAGAGAATGGTCCAATGGCCTCTGACCCACT 

GTGCCTTACCTACTCATATCTTTCTCATGTGGACCTG 


1916 


CAGGTCCACATGAGAAAGATATGAGTAGGTAAGGCACAGTGG 
GTCAGAGGCCATTGGACCATTCTCTTTCAGGACCTGCCAGAC 
ATATGTATGGCTTCCACCAGGGAAGACTTTATCATCT 


1917 


AAAGAGAAIGGTCCAAT 


1918 


ATTGGACCATTCTCTTT 


1919 


Haemophilia AG 

Qy145Asp 

GGT-GAT 


ATGATAAAGTCTTCCCTGGTGGAAGCCATACATATGTCTGGCA 
GGTCCTGAAAGAGAATGGTCCAATGGCCTCTGACCCACTGTG 
CCTTACCTACTCATATCTTTCTCATGTGGACCTGGT 


1920 


ACCAGGTCCACATGAGAAAGATATGAGTAGGTAAGGCACAGT 
GGGTCAGAGGCCATTGGACCATTCTCTrTCAGGACCTGCCAG 
ACATATGTATGGCTTCCACCAGGGAAGACTTTATCAT 


1921 


AGAGAATGGTCCAATGG 


1922 


CCATTGGACCATTCTCT 


1923 


Haemophilia A 

Gly145Val 

GGT-GTT 


ATGATAAAGTCTTCCCTGGTGGAAGCCATACATATGTCTGGCA 
GGTCCTGAAAGAGAATGGTCCAATGGCCTCTGACCCACTGTG 
CCTTACCTACTCATATCTTTCTCATGTGGACCTGGT 


1924 


ACCAGGTCCACATGAGAAAGATATGAGTAGGTAAGGCACAGT 
GGGTCAGAGGCCATTGGACCATTCTCTTTCAGGACCTGCCAG 
ACATATGTATGGCTTCCACCAGGGAAGACTTTATCAT 


1925 


AGAGAATGGTCCAATGG 


1926 


CCATTGGACCATTCTCT 


1927 


Haemophilia A 

Pro146Ser 

tCCA-TCA 


GATAAAGTCTTCCCTGGTGGAAGCCATACATATGTCTGGCAG 
GTCCTGAAAGAGAATGGTCCAATGGCCTCTGACCCACTGTGC 
CTTACCTACTCATATCTTTCTCATGTGGACCTGGTAA 


1928 



r 



WO 01/73002 



PCT/US01/09761 



-157- 




i m 



Haemophilia A 

Cys153Trp 

TGCc-TGG 



Haemophilia A 

Tyr156Term 

TACt-TAA 



Haemophilia A 
Ser157Pro 

cTCA-CCA 



Haemophifia A 

Ser160Pro 

fTCT-CCT 



Haemophilia A 

Val162Met 

tGTG-ATG 



TTACCAGGTCCACATGAGAAAGATATGAGTAGGTAAGGCACA 



?Z?^Jfl^^ CCAnGfiACCAnCT ^CAG(^CCTGCC 
AGACATATGTATGGCTTC CACCAGGGAAGACTTTATr 

AGAATGGTCCAATGGC C 

GGCCATTGGACCATTCT 

CCATACATATGTCTGGCAGGTCCTGAAAGAGAATGGTCCAAf 



1929 



1930 
1931 



G^CTCTGACCCACTGTGCCTTACCTACTCATATCTTTCTCAT 
GTGGACCTGGTAAAAGACTTGAATTCAGGCCTCA TT 

AATGAGGCCTGMTTCAAGTCTTTTACCAGGTCCACATGAGAA 
AGATATGAGTAGGTAAGGCACAGT GGGT CAGAGGCCATTGGA 
CCATTCTCTTTCAGGACC TGCCAGACATATflTATfiri 

CCACTGTGCCTTACCTA 

TAGGTAAGGCACAGTGfl 



1932 



1933 



TGTCTGGCAGGTCCTGAAAGAGAATGGTCCAATGGCCTCTGA 

w? A FZ?^^^^ A ^^ A -^ A ^^^^^^ T GTGGACCTG 
GTAAAAGACTTGAATTCAGGCCTCATTGGAGC CCTA 

^o?™ CMTGAGGCCT ^ nCMGTC ^ACCAGGTC 

5 A , G ^ GAAAGATATGA ^ TA GGTAAGGCACAGTGGGTCAGA 
GGCCATTGGACCATTCT CTTTCAGGACCTfi^Ar A 

CTTACCTACTCATATCT 
AGATATGAGTAGGT AAfi 



GTCTGGCAGGTCCTGAAAGAGAATGGTCCAATGGCCTCTGAC 

TAAAAGACTTGAATTCAGGCCTCATTGGAGCCCTAC 

S A S GG F CCMTGAGGCCTGM ^ CM GTCTTTTACCAGGT 

^^TSJ^^^GTAGGTAAGGCACAGTGGGTCAG 
AGGCCATTGGACCATTC TCTTTCAGGACCTflnnAriAr 

TTACCTACTCATATCTT 

AAGATATGAGTAGGTAA 



1934 
1935 
1936 



1937 



GTCCTGAAAGAGAATGGTCCAATGGCCTCTGACCCACTGTGC 

TGAATTCAGGCCTCATTGGAGCCCTACTAGTATGTA 

TACATACTAGTAGGGCTCCAATGAGGCCTGAATTCAAGTCTTT 

TACCAGGTCCACAT(^GAAAGATATGAGTAGGTAAGGCACAG 
TGGGTCAGAGGCCATTG GACCATTCTCTTmAfifiAr 

CATATCTTTCTCATGTG 

CACATGAGAAAGATATG 

^^^^CAATGGCC^G^CC^^C^^ 

I^SJ ^^^^^^^^^^GACTTGAATT 
CAGGCCTCATTGGAGCCCTACTAflTAT^A^A^ 



1938 
1939 
1940 



1941 



1942 
1943 
1944 



1945 



1946 
1947 
1948 



( 



WO 01/73002 



PCT/US01/09761 



-158- 




CTTCTCTACATACTAGTAGGGCTCCAATGAGGCCTGAATTCAA 
GTCTTTTACCAGGTCCACATGAGAAAGATATGAGTAGGTAAG 
GCACAGTGGGTCAGAGGCCATTGGACCATTCTCTTT 



TTTCTCATGTGGACCTG 



CAGGTCCACATGAGAAA 



1949 



1950 



1951 



Haemophilia A 

Lys166Thr 

AAA-ACA 



CAATGGCCTCTGACCCACTGTGCCTTACCTACTCATATCTTTC 
TCATGTGGACCTGGTAAAAGACTTGAATTCAGGCCTCATTGG 
AGCCCTACTAGTATGTAGAGMGGTAAGTGTATGAA 



TTCATACACTTACCTTCTCTACATACTAGTAGGGCTCCAATGA 
GGCCT GAATTCAAGTCTTTTACCAGGT CCACATGAGAAAGATA 
TGAGTAGGTAAGGCACAGTGGGTCAGAGGCCATTG 



CCTGGTAAAAGACTTGA 



TCAAGTCTTTTACCAGG 



1952 



1953 



1954 



1955 



Haemophilia A 

Ser170Leu 

TCA-TTA 



ACCCACTGTGCCTTACCTACTCATATCTTTCTCATGTGGACCT 
GGTAAAAGACTTGAATTCAGGCCTCATTGGAGCCCTACTAGT 

ATGTAGAGAAGGTAAGTGTATGAAAGCGTAGGATTG 



1956 



CAATCCTACGCTTTCATACACTTACCTTCTCTACATACTAGTAG 

GGCTCCAATGAGGCCTGAATTCAAGTCTTTTACCAGGTCCAC 

ATGAGAAAGATATGAGTAGGTAAGGCACAGTGGGT 



1957 



CTTGAATTCAGGCCTCA 



1958 



TGAGGCCTGAATTCAAG 



1959 



Haemophilia A 

Phe195Val 

aTTT-GTT 



MTGTrCTCACTTCTTTTTCAGGGAGT CTGGC CAAGGAAAAGA 
CACAGACCTTGCACAMinATACTACTTTTTGCTGTATTTGAT 
GAAGGTTAGT G AGTCTTAATCTG AATTTTGGATT 



1960 



AATCCAAAATTCAGATTAAGACTCACTAACCTTCATCAAATACA 
GCAAAMGTAGTATAAATTTGTGCAAGGTCTGTGTCTTTTCCT 
TGGCCAG ACT CCCTGAAAAAGAAGTGAGAAC ATT 



1961 



TGCACAAATTTATACTA 



1962 



TAGTATAAATTTGTGCA 



1963 



Haemophilia A 

Leu198His 

CH-CAT 



CTTCTTTTTCAGGGAGT CTGGC CAAGGAAAAGACACAGACCT 
TGCACAMTTTATACTACnTTTGCTGTATTTGATGAAGGTTAG 
TGAGTCTTAATCTGAATTTTGGATTCCTGAAAGAA 



1964 



TTCTTTCAGGAATCCAAAATTCAGATTAAGACTCACTAACCTTC 

ATCAAATACAGCAAAAAGTAGTATAAATTTGTGCAAGGTCTGT 

GTCTTTTCCTTGGCCAGACTCCCTGAAAAAGMG 



1965 



TATACTACTTTTTGCTG 



1966 



CAGCAAAAAGTAGTATA 



1967 



Haemophilia A 

Ala200Asp 

GCT-GAT 



TTTCAGGGAGTCTGGCCAAGGAAAAGACACAGACCTTGCACA 
MTTTATACTACTTTTTGCTGTATTTGATGAAGGTTAGTGAGTC 

TTAATCTGAATTTTGGATTCCTGAAAGAAATCCTC 



1968 



WO 01/73002 



PCT/US01/09761 



-159- 



Vmmm 



Haemophilia A 

Ala20OThr 

tGCT-ACT 



Haemophilia A 

Val234Phe 

aGTC-TTC 



Haemophilia A 

Gly247Glu 

GGA-GAA 



Haemophilia A 
Trp255Cys 
TGGc-TGT 



Haemophilia A 
Trp255Term 
TGGc-TGA 




^SS^T 70 ' 1 1 '^GGMTCCAAAATTCAGATTAAGACTCACf 



^^^^^^^^^^^AMGTAGTATAMTTTGTGCM 
GGTCTGTGTCTTTTCCT TGGCCAGACTCnnTCAAA 

ACTTTTTGCTGTATTTG 
CAAATACAGCAAAAAftT 



mm 



!I™ GGG A GTCTGG ^^ 

CnAATCTGAATTTTGGATTCCTGAAAGAAATCCT 

^^PI^ CAGuMT CCAAAAnCAGATTAAGACTCACTA' 

^IIS^I^^^AAAAAGTAGTATAAATTTGTGCAAG 
GTCTGTGTCTTTTCCTT GGCC AGACTCCCTn A A A A 

TACTTTTTGCTGTATTt 

AAATACAGCAAAAAGTA 



1969 



1970 
1971 



^S™^' GCAGGATAGG GATGCTGCATCTGCTCGGGCC 

^S??I^^I GCACACAfiTC ^ TGGTTAT GTAAACAGGTCTC 
TGCCAGGTATGTACACACCTGCTCAACAATCCTCAG 

AGCAGATGCAGCATCCC TATCCTGCATCAAfirsAftrr 
TGCACACAGTCAATGGT 
ACCATTGACTGTGTOnA 



1972 



1973 



ATTTCAGATTCTCTACTTCATAGCCATAGGTGTCTTATTCCTAC 
TTTACAGGTCTGATTGGATGCCACAGGAMTCAGTCTATTGGC 
ATGTGATTGGAATGGGCACCACTCCTGMGTGC A 

S^SSSS^ ggtgccga ttccaatcacatgccaatag 

ACTGATTTCCTGTGGCATCCMTCAGACCTGTAMGTAGGAAT 
MGACACCTATGGCTAT GAAGTAGAGAATnTnAAAT 

TCTGATTGgATGCCACA 

TGTGGCATCCMTCAGA 

a<^^tZ^ A ^ CGTAG ^ A ^ AGG ^ G7ga ^GGATGCCAC 

r^S^^IS ^ G7A ^ G — ^ A7G ^ G ^ GG ^^^GCACCACT 
CCTGAAGTGCACTCAATATTCCTCGAAGGTCACACA 

i^ G i9 C J TCGAGGAATA '^GAGTGCACTTCAGGAGTGGT 

CCAATCAGACCTGTAAAG TAGGAATAARArAnrTAT 
GTCTATTGGCATGTGAT 
ATCACATGCCAATAGAT 

CCTGAAGTGCACTCAATATTCCTnflA Ar;r;Tr ap ap a 



1977 



1978 
1979 



1980 



1981 



1982 



1983 
1984 



1985 



1986 
1987 
1988 



( 

c 

WO 01/73002 PCT/US01/09761 

-160- 



TGTGTGACCTTCGAGGMTATTGAGTGCACTTCAGGAGTGGT 

GCCCATTCCAATCACATGCCAATAGACTGATTTCCTGTGGCAT 

CCAATCAGACCTGTAAAGTAGGAATAAGACACCTAT 



GTCTATTGGCATGTGAT 



ATCACATGCCAATAGAC 



1989 



1990 



1991 



Haemophilia A 

His256Leu 

CAT-CTT 



AGGTGTCTTATTCCTACTTTACAGGTCTGATTGGATGCCACAG 
GAAATCAGTCTATTGGCATGTGATTGGAATGGGCACCACTCC 
TGAAGTGCACTCAATATTCCTCGAAGGTCACACATT 



AATGTGTGACCTTCGAGGMTATTGAGTGCACTTCAGGAGTG 
GTGCCCATTCCAATCACATGCCAATAGACTGATTTCCTGTGG 
CATCCAATCAGACCTGTAAAGTAGGAATAAGACACCT 



CTATTGGCATGTGATTG 



CAATCACATGCCAATAG 



1992 



1993 



1994 



1995 



Haemophilia A 

Gly259Arg 

tGGA-AGA 



Haemophilia A 

Val266Gly 

GTG-GGG 



TATTCCTACTTTACAGGTCTGATTGGATGCCACAGGAMTCAG 
TCTATTGGCATGTGATTGGAATGGGCACCACTCCTGAAGTGC 
ACTCAATATTCCTCGAAGGTCACACATTTCTTGTGA 



TCACAAGAAATGTGTGACCTTCGAGGMTATTGAGTGCAC7TC 

AGGAGTGGTGCCCATTCCAATCACATGCCAATAGACTGATTT 

CCTGTGGCATCCAATCAGACCTGTAAAGTAGGAATA 



ATGTGATTGGAATGGGC 



GCCCATTCCAATCACAT 

TTGGATGCCACAGGAAATCAGTCTATTGGCATGTGATTGGAAT 
GGGCACCACTCCTGAAGIGCACTCAATATTCCTCGAAGGTCA 
CACATTTCTTGTGAGGAACCATCGCCAGGCGTCCTT 



1996 



1997 



1998 



1999 



2000 



AAGGACGCCTGGCGATGGTTCCTCACAAGAAATGTGTGACCT 
TCGAGGAATATTGAGTGCACTTCAGGAGTGGTGCCCATTCCA 
ATCACATGCCAATAGACTGATTTCCTGTGGCATCCAA 



2001 



TCCTGAAGIGCACTCAA 



2002 



TTGAGTGCACTTCAGGA 



2003 



Haemophilia A 

Glu272Gly 

GM-GGA 



CAGTCTATTGGCATGTGATTGGAATGGGCACCACTCCTGAAG 
TGCACTCAATATTCCTCGAAGGTCACACATTTCTTGTGAGGAA 

CCATCGCCAGGCGTCCTTGGAAATCTCGCCAATAAC 



2004 



GTrATTGGCGAGATTTCCAAGGACGCCTGGCGATGGTTCCTC 
ACAAGAAATGTGTGACC7TCGAGGAATATTGAGTGCACTTCAG 
GAGTGGTGCCCATTCCAATCACATGCCAATAGACTG 



2005 



ATTCCTCGAAGGTCACA 



2006 



TGTGACCTTCGAGGAAT 



2007 



Haemophilia A 
Glu272Lys 
cGAA-AAA • 



TCAGTCTATTGGCATGTGATTGGAATGGGCACCACTCCTGM 

GTGCACTCMTATTCCTCGAAGGTCACACATTTCTTGTGAGGA 

ACCATCGCCAGGCGTCC7TGGAAATCTCGCCAATAA 



2008 



WO 01/73002 



c 



-161- 



PCT/US01/09761 



Haemophilia A 

Thr275lfe 

ACA-ATA 



Haemophilia A 
Val278Ala 
GTG-GCG 



Haemophilia A 
Asn280lle 
AAC-ATC 



Haemophilia A 

Arg282Cys 

tCGC-TGC 



Haemophilia A 
Arg282His 
CGC-CAC 



^^^^^ 

GAGTGGTGCCCATTCCAATC ACATGCn^&TA^Arr^A 

TATTCCTCgAAGGTCAC 
GTGACCTTCGAGGAATA 



2009 



GGCATGTGATTGGAATGGGCACCACTCCTGAAGTGCACTrAA 

TATTCCTCGMGGTCACACATTTCTTGTGAGGAAC^TCGC^ 
GGCGTCCTrGGAMTCTC^CCMTAA^"nTCCTTAn 

?^^ GTTATTGGCGAGA1TTCCA AGGACGCCTGGCGA 

TGGnCCTCACMC^TGTGTGACCnCGAGGMTATT^GT 
GCACTTCAGGAGTGGT GCC CATTCCAATCWATwr 

AGGTCACACATTTCTTG 



CAAGAAATGTGTGACCT 

TGGAAATCTCGCCAATAACTTTCCTTAnTfirTPA a ap 



2010 
2011 
2012 



2013 



2014 
2015 



MTATTGAGTGCACTTCAG GAGTGGTnm^TnrvMY 
ATTTCTTGTGAGGAACC 

GGTTCCTCACAAGAAAT 

I^oA^^^^^^^^^^^^^^^GCTCGAAGGTC 



2016 



2017 



^^GTGIII (aAGCAGTAAGGAMGTTATTGGCGAGAnTCCA 

TGTGAGGAACCATCGCC 
GGCGATGGTTCCTCAHA 



ACCACTCCTGAAGTGCACTCAATATrCCTCGAAGGTCACACAT 

GACCTTCGAGGMTATTGAG TGCACTTr AfyiArtTY^T 

GGAACCATCGCCAGGCG 
UCjCCTGGCGATGGTTnn 



2018 
2019 
2020 



2021 



2022 
2023 



tjS^S^P^?^^^T^^^|^^^ ^^GCTCGAAGGTCACACATT 

lA^^^ CCATCeCCAGGCCTCC ^GGAAATCTCGCC 
AATAACTTTCCTTACTGCTCAAArAnTrTTr.AT^ : 



2024 



2025 



2026 
2027 



2028 



I 



c 

PCT/US01/09761 



WO 01/73002 

-162- 



Haemophilia A 

Arg282Leu 

CGC-CTC 



Haemophilia A 

Ala284Glu 

GCG-GAG 



Haemophilia A 

Ala284Pro 

gGCG-CCG 



Haemophilia A 

Ser289Leu 

TCG-TTG 



Haemophilia A 
Phe293Ser 

rrc-Tcc 



TCCATCAAGAGTGTTTGAGCAGT AAGGAAAGTTATTGSCGAG 
ATTTCCAAGGACGCCTGGCGATGGTTCCTCACAAG^TGTG 
TGACCTTCGAGGMTATTGAGTGC ACTTCAGGAGT' G 



GAACCATCGCCAGGCGT 

ACGCCTGGCGATGGTTC 
CCACTCCTGAAGTGCACTCAATATTCCTCGAAGGTCACACATT 
TCTTGTGAGGAACCATCfiCCAGGCGTCCTrGGAAATCTCGCC 
AATAACTTTCCTTACTGCTCAAACACTCTrGATGGA 

TCCATCAAGAGTGTTTGAGCAGTAAGGAAAGTTATTGGCGAG 
ATTTCCAAGGACGCCTGGCGATGGTTCCTCACAAGAAATGTG 
TGACCTTCGAGGAATATTG AGTGCACTTCAGGAGTGG 

GAACCATCGCCAGGCGT 
ACGCCTGGCGATGGTTC 



2029 



2030 
2031 



2032 



2033 



2034 
2035 



2037 



CTGAAGTGCACTCAATATTCCTCGAAGGTCACACATTTCTTG . 2036 
GAGGAACCATCGCCAGGCGTCCTTGGAAATCTCGCCAATAA 
TTTCCTTACTGCTCAAACACTCTTGATGGACCTTGG 
CCAAGGTCCATCAAGAGTGTTTGAGCAGTMGGAAAGTTATT 
GGCGAGATTTCCAAGGACGCCTGGCGATGGTTCCTCACAAG 
AAATGTGTGACCTTCGAG GAATATTGAGTGCACTTCAG 

TCGCCAGGCGTCCTTGG 
CCAAGGACGCCTGGCGA 



2038 
2039 



CCTGAAGTGCACTCAATATTCCTCGAAGGTCACACATTTCTTG 
TGAGGAACCATCGCCAGGCGTCCTTGGAAATCTCGCCAATAA 
CTTTCCTTACTGCTCAAACACTCTTGATGGACCTTG 

CAAGGTCCATCAAGAGTGTTTGAGCAGTAAGGAAAGTTATTG 
GCGAGATTTCCAAGGACGCCTGGCGATGGTTCCTCACAAGAA 
ATGTGTGACCTTCGAGGAATATTGAGTGCACTTCAGG 



ATCGCCAGGCGTCCTTG 
CAAGGACGCCTGGCGAT 



TATTCCTCGAAGGTCACACATTTCTTGTGAGGAACCATCGCCA 
GGCGTCCTTGGAAATCTCGCCAATAACTTTCCTTACTGCTCAA 
ACACTCTTGATGGACCTTGGACAGTTTCTACTGTT 

AACAGTAGAMCTGTCCAAGGTCCATCAAGAGTGTTTGAGCA 
GTAAGGAAAGTTATTGGCGAGATTTCCAAGGACGCCTGGCGA 
TGGTTCCTCACAAGAAAT GTGTGACCTTCGAGGAATA 

GGAAATCTCGCCAATAA 

TTATTGGCGAGATTTCC 
GTCACACATTTCTTGTGAGGAACCATCGCCAGGCGTCCTTGG 
AMTCTCGCCMTMCTTTCCTTACTGCTCAAACACTCTTGAT 

GGACCTTGGACAGTTTCTACTGTTTTGTCATATCTC 



2040 



2041 



2042 
2043 



2044 



2045 



2046 
2047 
2048 



WO 01/73002 



-163- 



PCT/US01/09761 



■ -V. V .VAVW/ v 



Haemophilia A 
Thr295Ala 
tACT-GCT 



HaemopMiaA 
Thr295lle 
ACT-ATT 



Haemophilia A 

Ala296Val 

GCT-GTT 



Haemophilia A 
Leu308Pro 
CTG-CCG 



Haemophilia A 
Glu321 Lys 
gGAA-AAA 




m 



AGTGTTTGAGCAGTMGGAMGTTATTGGCGAGAmcCAAG 
GACGCCTGGCGATGGTTCCTC ACMRAAATCT^tt^Z^ 

AATAACTTTCCTTACTG 

CAGTAAGGAAAGTTATT 

SXSSS^ ' ^AGGCGTCCTTGGAAATC 

CMGGACGCCTGGCGATGGTTCC^A^Ai^a^t^ 
CTTTCCTTACTGCTCAA 
TTGAGCAGIAAGGAAAG 

^^^^^^^^^^GC^G^GlcCTrG^AATCT 

TGGACAGTTTCTACTGTTTTGTCATATCTCTTCC CA 
A^^^^^^^^^^^^^^TAGAMCTGTC^AAG^frc 

CCAAGGACGCCTGGCGATGG TTCCT^Ar a a<^a a atv? ' 
TTTCCTTACTGCTCAAA 
NIGAGCAGTAAGGAAA 



2049 



2050 
2051 



2052 



2053 



2054 
2055 
2056 



2057 



ACAGTnCTACTGTTTrGTCATATCTCTTCCC ACCA 

wSSSJSSSS^' ^^CAGTAGAAACTGTCCAAGG 

TC^TCMGAGTGm^gCAGTMGGAMGmnGGCGAG 
ATTT(^MGGACGCCTGGCGA TG(^rrTfMrflA/I^ 

CCTTACTGCTCAAACAC 
mUTTTGAGCAGTAAGft 



GAGTGTTTGAGCAGTAA GGAAAGTTATTri^r^^A 
GTTTCTACTGTTTTGTC 
(jACAAAACAGTAGAAAr 



2058 
2059 
2060 



2061 



2062 
2063 



2064 



2065 



2066 
2067 



2068 



( 

WO 01/73002 PCT/US01/09761 

-164- 



Haemophilia A 

Tyr323Term 

TATg-TM 



Haemophilia A 

Val326Leu 

aGTA-CTA 



Haemophilia A 

Cys329Arg 

cTGT-CGT 



Haemophilia A 

Cys329Tyr 

TGT-TAT 



Haemophilia A 

Arg336Term 

aCGA-TGA 



CATTATTTTTCATTCGTAGTTGGGGTTCCTCTGGACAGCTGTC 
TACTTTGACATAAGCTTCCATGCCATCTGGAGTCAGACAAACC 
AAACAATGTCAGAGTGTC TTGCTATATTAGGCTGT 

ATGGCATGGMGCTTAT 



ATAAGCTTCCATGCCAT 



2069 



2070 



2071 



ATATAGCMGACACTCTGACATTGTTTGG"nTGTCTGACTCCA 
GATGGCATGGAAGCTT ATGTCAAAGT AGACAGCTGTCCAGAG 
GAACCCCAACTACGAATGAAAAATAATGAAGAAGCG 

CGCnCTTCATTATTnTCATTCGTAGTTGGGGTTCCTCTGGA 
GAGCTGTCTACTTTGACATAAGCTTCCATGCCATCTGGAGTCA 
GACAAACCAAACAATGTCAGAGTGTCTTGCTATAT 

GAAGCTT ATGTCAAAGT 



ACTTTGACATAAGCTTC 



2072 . 



2073 



2074 



2075 



MGACACTCTGACATTGTTTGGTTTGTCTGACTCCAGATGGCA 
TGGAAGCTTATGTCAAAGJAGACAGCTGTCCAGAGGAACCCC 
AACTACGAATGAAAAATAATGAAGAAGCGGAAGACT 



AGTCTTCCGCTTCTTCATTATTTTTCATTCGTAGTTGGGGTTC 

CTCTGGACAGCTGTCTACTTTGACATAAGCTTCCATGCCATCT 

GGAGTCAGACAAACCAAACAATGTCAGAGTGTCTT 



ATGTCAAAGTAGACAGC 
GCTGT CTACTTTGACAT 



2076 



2077 



2078 
2079 



TGACATTGTTTGGTTTGTCTGACTCCAGATGGCATGGAAGCTT 
ATGTCAAAGTAGACAGCTGTCCAGAGGAACCCCAACTACGAA 
TGAAAAATAATGAAGAAGCGGAAGACTATGATGATG 



CATCATCATAGTCnCCGCTTCTTCATTATTTTTCATTCGTAGT 
TGGGGTTCCTCTGGACAGCTGTCTACTTTGACATAAGCTrCC 
ATGCCATCTGGAGTCAGACAAACCAAACAATGTCA 



2080 



2081 



2082 
2083 



TAGACAGCTGTCCAGAG 

CTCTGGACAGCTGTCTA 

GACATTGTTTGGTTTGTCTGACTCCAGATGGCATGGAAGCTTA 1 2084 
TGTCAAAGTAGACAGCTGTCCAGAGGAACCCCAACTACGAAT 
GAAAAATAATGMGAAGCGGAAGACTATGATGATGA 

TCATCATCATAGTCTTCCGCTTCTTCA 1 1 AH 1 1 rCATTCGTAG 1 2085 
TTGGGGTTCCTCTGGACAGCTGTCTACTTTGACATAAGCTTCC 

ATGCCATCTGGAGTCAGACAAACCAAACAATGTC 

AGACAGCTGTCCAGAGG ' 2086 

CCTCTGGACAGCTGTCT 

ACTCCAGATGGCATGGAAGCTTATGTCAAAGTAGACAGCTGT 1 2088 
CCAGAGGAACCCCAACTACGAATGAAAAATAATGAAGAAGCG 
GAAGACTATGATGATGATCTTACTGATTCTGAAATGG 
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Haemophilia A 

Arg372Cys 

tCGC-TGC 



Haemophilia A 
Arg372His 
CGC-CAC 



Haemophilia A 

Ser373Leu 

TGA-TTA 



Haemophilia A 
Ser373Pro 
cTCA-CCA 



Haemophilia A 

Ser373Term 

TCA-TAA 




CCATTT CAGAAT CAGTAAGATCATCATCATAGTCTTCCGCTTC 

TTCATTATTTTTCATTCGTAGTTGGGGTTCCTCTGGACAGCTG 
TCTACTTTGACATAAGCTTCCATGCCATCTGGAGT 



•::x:**.'«* 



--.:x:\ 



CCCAACTACGAATGAAA 
TTTCATTCGTAGTTGGG 



GATTCTGAAATGGATGTGGTCAGGTTTGATGATGACAACTCTC 

CTTCCnTATCCAAArrCGCTCAGTTGCCAAGAAGCATCCTAA 

AACTTGGGTACATTACATTGCTGCTGAAGAGGAG G 

CCTCCTCTTCAGCAGCAATGTAATGT ACCCMGTTTIAGGATG 

CTTCTTGGCAACTGAGCGAATTTGGATAAAGGAAGGAGAGTT 
GTCATCATCAAACCTGAC CACATCCATTTCAGAATC 

TCCAAATTCGCTCAGTT 
AACTGAGCGAATTTGGA 



2089 



ATTCTGAAATGGATGTGGTCAGGTTTGATGATGACAACTCTCC 

TTCCTTTATCCAMTTCGCTCAGTTGCCAAGAAGCATCCTAAA 
ACTTGGGTACATTACATTGCTGCTGAAGAG GAGGA 

TCCTCCTCTTCAGCAGCMTGTMTGTACCCMGTTfTAGGAT 
GCTTCTTG GC AACTG AGCG AATTTGGATAAAGGAAGG AGAGT 
TGTCATCATCAAACCTGA CCACATCCATTTCAGAAT 
CCAAATTCGCTCAGTTG 

CAACTGAGCGAATTTGG 



2092 



2093 



2094 
2095 



CTGAAATGGATGTGGTCAGGTTTGATGATGACAACTCTCCTTC 

CTTTATCCAAATTCGCTCAGTTGCCMGAAGCATCCTAAAACT 
TGGGTACATTACATTGCTGCTGAAGAGGAGGA CTG 

GAGTCCTCCTCTTCAGCAGCAATGTAATGTACCCAAGTTTTAG 
GATGCTTCTTGGCAACTGAGCGAAT7TGGATAAAGGAAGGAG 
AGTTGTCATCATCAAACC TGACCACATCCATTTCAG 

AATTCGCTCAGTTGCCA 
TGGCMCTGAGCGAATT 

TCTGAAATGGATGTGGTCAGGTTTGATGATGACMCTCTCCTT 

CCTrTATCCAAATTCGCICAGTrGCCMGAAGCATCCTAAAAC 
TTGGGTACATTACATTGCTGCTGAAGAGGAG GACT 

AGTCCTCCTCTTCAGCAGCAATGTAATGTACCCAAG7TTTAGG 

ATGCTTCTTGGCAACTGAGCGAATTTGGATAAAGGAAGGAGA 
GTTGTCATCATCAAACCT GACCACATCCATTTCAGA 

AAATTCGCTCAGTTGCC 
GGCAACTGAGCGAATTT 



2096 



2097 



2098 
2099 
2100 



2101 



2102 
2103 



CTGAAATGGATGTGGTCAGGTTTGATGATGACAACTCTCCTTC 
CTTT ATCCAAATTCGCTCAGTTGCCAAGAAGCATCCTAAAACT 
TGGGTACATTACATTGCTGCTGAAGAGGAGGACTfi 



2104 



2105 



2106 
2107 



2108 



c 
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CAGTCCTCCTCnCAGCAGCMTGTAATGTACCCAAGTTTTAG 
GATGCTTCTTGGCMCTGAGCGAATTTGGATAAAGGAAGGAG 

A PI f'PTP ATP ATP AAA PPTP A PP A P ATPP ATTTP A 
Ab 1 1 V3 1 UAi UAl UAAAUL> 1 JjAUOAUAl OuA I 1 l UnO 


2109 


AATTCGCTCAGTTGCCA 


2110 


TGGCAACTGAGCGAATT 


2111 


Haemophilia A 

He386Phe 

cATT-TTT 


CCTTCCTTTATCCAAATTCGCTCAGTTGCCAAGAAGCATCCTA 
AAACTTGGGTACATTACATTGCTGCTGAAGAGGAGGACTGGG 
ACTATGCTCCCTTAGTCCTCGCCCCCGATGACAGGT 


2112 


ACCTGTCATCGGGGGCGAGGACTAAGGGAGCATAGTCCCAG 
TCCTCCTCTTCAGCAGCAATGTAATGTACCCAAG 1 1 1 IAGGAT 

/^PTTPTTPPPA A PTP A PPP A ATTTPPATA A APP A APP 

GUI 1 0 II uoLAAu 1 viAouViAA 1 1 1 bbA 1 AAAovjAAoo 


2113 


TACATTACATTGCTGCT 


2114 


AGCAGCAATGTAATGTA 


2115 


Haemophilia A 

lle386Ser 

ATT-AGT 


CTTCCTTTATCCAAATTCGCTCAGTTGCCAAGAAGCATCCTAA 
AACTTGGGTACATTACATTGCTGCTGAAGAGGAGGACTGGGA 
CTATGCTCCCTTAGTCCTCGCCCCCGATGACAGGTA 


2116 


TACCTGTCATCGGGGGCGAGGACTAAGGGAGCATAGTCCCA 
GTCCTCCTCTTCAGCAGCAATGTAATGTACCCAAGTTTTAGGA 
TGCTTCTTGGCAACTGAGCGAAI 1 i GGATAAAGGAAb 


2117 


ACATTACATTGCTGCTG 


2118 


CAGCAGCAATGTAATGT 


2119 


Haemophilia A 

Glu390Gly 

GAG-GGG 


AAATTCGCTCAGTTGCCAAGAAGCATCCTAAAACTTGGGT ACA 
TTACATTGCTGCTGAAGAGGAGGACTGGGACTATGCTCCCTT 
AGTCCTCGCCCCCGATGACAGGTAAGCAC 1 1 1 1 1 GA 


2120 


TCAAAAAGTGCTTACCTGTCATCGGGGGCGAGGACTAAGGGA 
GCATAGTCCCAGTCCTCCTCTTCAGCAGCAATGTAATGTACC 

CAAUI 1 1 1 AGGATGU 1 1 CTTGbUAAO 1 bAbWaAA 1 1 1 


2121 


TGCTGAAGAGGAGGACT 


2122 


AGTCCTCCTCTTCAGCA 


2123 


Haemophilia A 

Trp393G!y 

cTGG-GGG 


TCAGTTGCCAAGAAGCATCCTAAAACTTGGGTACATTACATTG 
CTGCTGAAGAGGAGGACIGGGACTATGCTCCCTTAGTCCTCG 
CCCCCGATGACAGGTAAGCAu 1 1 1 iGACTATTGGT 


2124 


ACCAATAGTCAAAAAGTGCTTACCTGTCATCGGGGGCGAGGA 
CTAAGGGAGCATAGTCCCAGTCCTCCTCTTCAGCAGCAATGT 

AA 1 V5 1 AuUL/AAo MM AooA 1 ov MUM UvsLr AAU 1 UA 


2125 


AGGAGGACIGGGACTAT 


2126 


ATAGTCCCAGTCCTCCT 


2127 


Haemophilia A 

Lys408lle 

AAA-ATA 


GCCTACCTAGAATmTCTTCCCAACCTCTCATCI 1 1 1 1 1 ICTC 

TTATACAGAAGTTATAAAAGTCAATATTTGAACAATGGCCCTC 

AGCGGATTGGTAGGAAGTACAAAAAAGTCCGATT 


2128 

• 



r 
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Haemophilia A 

Leu412Phe 

TTGa-TTT 



Haemophilia A 
A/g418T»p 
gCGG-TGG 



». 



Haemophilia A 

Gly420Va! 

GGT-GTT 



Haemophilia A 
Lys425Arg 
AAA-AGA 



Haemophilia A 

Arg427Term 

cCGA-TGA 



MTCGGACTTTTTTGTACTTCCTACCAATCCGCTGAGGGCCAT 

TGTTCAAATATTGACTTTTATMC7TCTGTATMGAGAAAAAAA 

GATGAGAGGTTGGGMGAAAAATTCTAGGTAGGC 



2129 



AAGTTATAAAAGTCAAT 
ATTGACTnTATAACTT 



TITrcnCCCMCCTCTCATCTTTTnTCTCTTATACAGAAGTT 
ATAAAAGTCAATATTTGAACAATGGCCCTCAGCGGATTGGTAG 
GAAGT ACAAAAAAGTCCGATTTATGGCATACACA 



TGTGT ATGCCATAAATCGGACTTTTTTGTACTTCCTACCAATC 
CGCTGAGGGCCATTGTTCAMTATTGACTTTTATAACTTCTGT 
ATAAGAGAAAAAAAGATG AGAGGTTGGGAAGAAAA 

CAATATTTGAACAATGG 
CCATTGTTCAAATA1TG 

TCATui 1 1 M I i CTCTTATACAGAAGTTATAAAAGTCAATATTTG 

AACAATGGCCCTCAGCGGATTGGTAGGAAGTACAAAAAAGTC 

CGATTTATGGCATACACAGATGAAACCTTTAAGA 

TCTTAMGGTnCATCTGTGTATGCCATAAATCGGACTTTTTTG 

TACTTCCTACCAATCCGCTGAGGGCCATTGTTCAAATATTGAC 
TTTTATAACTrCTGTATAAGAGAAAAAAAGATGA 

GCCCTCAGCGGATTGGT 
ACCAATCCGCTGAGGGC 



2133 



TTTTTCTCTTATACAGMGTTATAAAAGTCAATATTTGAACAAT 
GGCCCTCAGCGGATTGGTAGGAAGTACAAAAAAGTCCGATTT 
ATGGCATACACAGATGAAACCTTTAAGACTCGTGA 



2137 



T CACGAG TCTTAAAGGTTTCATCTGTGTATGCCATAAATCGGA 
Ci 1 1 1 1 1 GTACTTCCTACCAATCCGCTGAGGGCCATTGTTCAA 
ATATTGACTTTTATAACTTCTGTATAAGAGAAAAA 
GCGGATTGGTAGGAAGT 

ACTTCCTACCAATCCGC 

GAAGTTATAAAAGTCAATATTTGMCAATGGCCCTCAGCGGAT 
TGGTAGGAAGTACAAAAAAGTCCGATTTATGGCATACACAGAT 
GAAACCTTTAAGACTCGTGAAGCTATTCAGCATGA 

TCATGCTGAATAGCTTCACGAGTCTTAAAGGTTrCATCTGTGT 
ATGCCATAMTCGGACTTrnTGTACTTCCTACCMTCCGCTG 
AGGGCCATTGTTCAAATA TTGACTnTATAACTTC 

GTACAAAAAAGTCCGAT 
ATCGGAC 1 1 1 1 1 I GTAC 



2138 
2139 
2140 



2141 



TATAAAAGTCAATATTTGAACAATGGCCCTCAGCGGATTGGTA 

GGAAGTACAAAAAAGTCCGA7TTATGGCATACACAGATGAAAC 
CTTTAAGACTCGTGAAGCTATTCAGCATGAATCAG 



2145 



4 



I 



( 
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M9 




CTGATTCATGCTGAATAGCTTCACGAGTCTTAAAGGTTTCATC 
TGTGTATGCCATAAATCGGAC 1 1 1 1 1 1 GTACTTCCTACCAATC 
CGCTGAGGGCCATTGTTCAAATATTGAC 1 1 1 1 ATA 


2149 


AAAAAGTCCGATTTATG 


2150 


CATAAATCGGACTTTTT 


2151 


Haemophilia A 

Tyr431Asn 

aTAC-AAC 


TATTTGAACAATGGCCCTCAGCGGATTGGTAGGAAGTACAAA 
AAAGTCCGATTTATGGCATACACAGATGAAACCTTTAAGACTC 
GTGMGCTATTCAGCATGAATCAGGAATCTTGGGAC 


2152 


GTCCCAAGATTCCTGATTCATGCTGAATAGCTTCACGAGTCTT 

AMGGTTTCATCTGTGTATGCCATAMTCGGACTTTTTTGTAC 

TTCCTACCAATCCGCTGAGGGCCATTGTTCAAATA 


2153 


TTATGGCATACACAGAT 


2154 


ATCTGTGTATGCCATAA 


2155 


Haemophilia A 

Thr435lle 

ACC-ATC 


GCCCTCAGCGGATTGGTAGGAAGTACAAAAAAGTCCGATTTA 
TGGCATACACAGATGAAACCTTTAAGACTCGTGAAGCTATTCA 
GCATGAATCAGGAATCTTGGGACCTTTACTTTATGG 


2156 


CCATAAAGTAAAGGTCCCAAGATTCCTGATTCATGCTGAATAG 
CTTCACGAGTCTTAAAGGTTTCATCTGTGTATGCCATAAATCG 
GAC 1 1 1 1 1 1 GTACTTCCTACCAATCCGCTGAGGGC 


2157 


AGATGAAACCTTTAAGA 


2158 


TCTTAAAGGTTTCATCT 


2159 


Haemophilia A 

Pro451Leu 

CCT-CTT 


ACACAGATGAAACCTTTMGACTCGTGAAGCTATTCAGCATGA 
ATCAGGAATCTTGGGACCTTTACTTTATGGGGAAGTTGGAGA 

CACACTGTTGGTAAGTTGAAGAAAAGATTTAAGGTC 


2160 


GACCTTAAATCTTTTCTTCAACTTACCAACAGTGTGTCTCCAA 

CTTCCCCATAAAGTAAAGGTCCCAAGATTCCTGATTCATGCTG 

AATAGCTTCACGAGTCTTAAAGGTTTCATCTGTGT 


2161 


CTTGGGACCTTT ACTTT 


2162 


AAAGTAAAGGTCCCAAG 


2163 


Haemophilia A 

Pro451Thr 

aCCT-ACT 


TACACAGATGAAACCTTTAAGACTCGTGAAGCTATTCAGCATG 
AATCAGGAATCTTGGGACCTTTACTTTATGGGGAAGTTGGAGA 
CACACTGTTGGTAAGTTGAAGAAMGATTTAAGGT 


2164 


ACCTTAAATCTTTTCTTCAACTTACCAACAGTGTGTCTCCAACT 
TCCCCATAAAGTAAAGGTCCCAAGATTCCTGATTCATGCTGAA 
TAGCTTCACGAGTCTTAMGGTTTCATCTGTGTA 


2165 


TCTTGGGACCTTTACTT 


2166 


AAGTAAAGGTCCCAAGA 


2167 


Haemophilia A 

Gly455Arg 

tGGG-AGG 


ACCTTTAAGACTCGTGAAGCTATTCAGCATGAATCAGGAATCT 
TGGGACCTTTACTTTATGGGGAAGTTGGAGACACACTGTTGG 
TAAGTTGAAGAAAAGATTTAAGGTCAGGTAAGAAGA 


2168 



1 

( 

WO 01/73002 PCT/US01/09761 

-169- 
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Haemophilia A 

Gly455Qu 

GGG-GAG 



Haemophilia A 

Asp459Asn 

aGAC-AAC 



Haemophilia A 
Phe465Cys 
TTT-TGT 



Haemophilia A 
Ala469Gly 
GCA-GGA 



Haemophilia A 

Arg471Gly 

cAGA-GGA 



TCTTCTT ACCTGACCnAAATCTTTTCTTCAACTTACCAACAGT 

GTGTCTCCAACTTCCCCATAAAGTAAAGGTCCCAAGATTCCTG 
ATTCATGCTGAATAGCTT CACGAGTCTTAAAGGT 

TACTTTATGGGGAAGT T 
AACTTCCCCATAAAGTA 



2169 



2170 
2171 



CCTTTAAGACTCGTGAAGCTATTCAGCATGAATCAGGAATCTT 
GGGACCTTTACTTTATGGGGAAGTTGGAGACACACTGTTGGT 
AAGTTGAAGAAAAGATTTAAGGTCAGGTAAGAAGAA 

TTCTTCTTACCTGACCTTAAATCTI 1 I C T I CAACTTACCAACAG 

TGTGTCTCCAACTTCCCCATAAAGTAAAGGTCCCMGATTCCT 
GATTCATGCTGAATAGCTTCACGAGTCTTAAAGG 



ACTTTATGGGGAAGTTG 
CAACTTCCCCATAAAGT 



2172 



2173 



CGTGAAGCTATTCAGCATGAATCAGGAATCTTGGGACCTTTAC 

TTTATGGGGAAGTTGGAGACACACTGTTGGTAAGTTGAAGAA 

AAGATTTAAGGTCAGGTAAGAAGAAAAAGTCTGGAG 

CTCCAGACTTTI I C I rCTTACCTGACCTTAAATCTnTCTTCAA 
CTTACCAACAGTGTGTCTCCAACTTCCCCATAAAGTAAAGGTC 
CCAAGATTCCTGATTCAT GCTGAATAGCTTCACG 

MGTTGGAGACACACTG 



CAGTGTGTCTCCAACTT 

TGTTGATCCTAGTCGTTTTAGGATTTGATCTTAGATCTCGCTTA 
TACTTTCAGATTATATTTAAGMTCAAGCAAGCAGACCATATAA 
CATCTACCCTCACGGAATCACTGATGTCCGTCC 



2177 



2178 



2179 



GGACGGACATCAGTGATTCCGTGAGGGTAGATGTTATATGGT 

CTGCTTGCTTGATTCTTAAATATAATCTGAAAGTATAAGCGAG 
ATCTAAGATCAAATCCT AAAACGACTAGGATCAACA 

GATTATATTTAAGMTC 
GATTCTTAAATATAATC 

TCGTTTTAGGATrTGATCTrAGATCTCGCTTATACTTTCAGATT 

ATATTTAAGAATCAAGCAAGCAGACCATATAACATCTACCCTC 
ACGGAATCACTGATGTCCGTCCTTTGTATTCAAG 

CTTGAATACAAAGGACGGACATCAGTGATTCCGTGAGGGTAG 
ATGTTATATGGTCTGCTTGCTTGATTCTTAAATATAATCTGAAA 
GTATAAGCGAGATCTAAG ATCAAATCCTAAAACGA 

GAATCAAGCAAGCAGAC 

GTCTGCTTG CTTGATTC 



2180 



2181 



TTAGGATTTGATCTTAGATCTCGCTTATACTTTCAGATTATA7T 

TAAGAATCAAGCAAGCAGACCATATAACATCTACCCTCACGG 
MTCACTGATGTCCGTCCTTTGTATTCAAGGAGAT 



2182 
2183 
2184 



2185 



2186 
2187 
2188 



( 

WO 01/73002 



- 170- 
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ATCTCCTTGAATACAAAGGACGGACATCAGT GATTCCGTGAG 
GGTAGATGTTATATGGTCIGCTT GCTTGATTCTTAAATATAATC 

TP A A A PT ATA A PPP. A P. ATH" A A P. ATP A A ATPPT A A 
1 oAMMu 1 A 1 AAb^UMoM 1 L» 1 MMuM 1 UMAM 1 UU i MM 


2189 


AAGCAAGCAGACCATAT 


2190 


ATATGGTCTGCTTGCTT 


2191 


Haemophilia A 

Tyr473Cys 

TAT-TGT 


TTGATCTTAGATCTCGCTTATACTTTCAGATTATATTrAAGAAT 
CAAGCAAGCAGACCATATAACATCTACCCTCACGGAATCACT 

a AA*T*^^^/ % 'f A^P^^^A, 1 AAA AATTA AAA A A 

GATGTCCGTCCTTTGTATTCAAGGAGATTACCAAA 


2192 


TTTGGTAATCTCCTTGAATACAAAGGACGGACATCAGTGATTC 
CGTGAGGGTAGATGTTATATGGTCTGCTTGCTTGATTCTTAAA 

TATA AT^T^ AAA PT AT A A / VO A P ATPT A APATPA A 

1 A 1 AA 1 0 1 CjAAAo 1 A 1 AAuuoAviA 1 0 1 AAoA 1 LAA 


2193 


CAGACCATATAACATCT 


2194 


AGATGTTATATGGTCTG 


2195 


Haemophiiia A 

Tyr473His 

aTAT-CAT 


TTTGATCTTAGATCTCGCTTATACTTTCAGAWATATTTAAGAA 

TCAAGCAAGCAGACCATATAACATCTACCCTCACGGAATCACT 

GATGTCCGTCCTTTGTATTCAAGGAGATTACCAA 


2196 


TTGGTAATCTCCTTGAATACAAAGGACGGACATCAGTGATTCC 
GTGAGGGTAGATGTTATATGGTCTGCTTGCTTGATTCTTAAAT 

ATA ATATrt A A A AT ATA A AAA A /^ATATA AAA T/^ A A A 

ATMTCTGAAAGTATAAGCGAGATCTrAAGATCAAA 


2197 


GCAGACCATATAACATC 


2198 


GATGTTATATGGTCTGC 


2199 


Haemophilia A 

He475Thr 

ATC-ACC 


TTAGATCTCGCnATACTTTCAGATTATATTTAAGAATCAAGCA 
AGCAGACCATATAACATCTACCCTCACGGAATCACTGATGTCC 

^*W«a^aV a*^^M*V aMaVVaa* A ft^HMA a*A. A A a#^ A aAaW A ^Ma^M A A A A A a#^ A0^W A A 

GTCCTTTGTATTCAAGGAGATTACCAAAAGGTAA 


2200 


TTACCTTTTGGTAATCTCCTTGAATACAAAGGACGGACATCAG 
TGATTCCGTGAGGGTAGATGTTATATGGTCTGCTTGCTTGATT 

1 » 1 1 A A ATATA ATOT/^A A A/"»TATA A^r^APAT^TA A 

Ul 1 AAAIAI AAI C 1 vjAAAvj I Al AAbLUAviA 1 U 1 AA 


2201 


ATATAACATCTACCCTC 


2202 


GAGGGTAGATGTTATAT 


2203 


Haemophilia A 

Gly479Arg 

cGGA-AGA 


TTATACTTTCAGATTATATTTAAGAATCAAGCAAGCAGACCATA 
TAACATCTACCCTCACGGAATCACTGATGTCCGTCCTTTGTAT 
TCAAGGAGATTACCAAAAGGTAAATATTCCCTCG 


2204 


CGAGGGMTAmACCTTTTGGTAATCTCCTTGAATACAAAGG 
ACGGACATCAGTGATTCCGTGAGGGTAGATG7TATATGGTCT 

PPTT/>PTTPATTPTTA A AT ATA AT/^T^A A AOTATA A 

ulrl loLI luAl IUI 1 AAAIAI AAI uloAAAolAI AA 


2205 


ACCCTCACGGAATCACT 


2206 


AGTGATTCCGTGAGGGT 


2207 


Haemophiiia A 
Thr522Ser " 
aACT-TCT 


CCAATTCTGCCAGGAGAAATATTCAAATATAAATGGACAGTGA 
CTGTAGAAGATGGGCCAACTAAATCAGATCCTCGGTGCCTGA 
CCCGCTATTACTCTAGTTTCGTTAATATGGAGAGAG 


2208 
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Haemophilia A 

Asp525Asn 

aGAT-AAT 



Haemophilia A 
Arg527Trp 
tCGG-TGG 



Haemophilia A 
Arg531 Cys 
cCGC-TGC 



Haemophilia A 

Arg531Qy 

cCGC-GGC 



Haemophilia A 

Arg531His 

CGC-CAC 



CTCTCTCCATATTAACGAAACTAGAGTAATAGCGGGTCAGGC 
ACCGAGGATCTGAT7TAGTTGGCCCATCTTCTACAGTCACTGT 
CCATTTATATTTGAATATTTCTCCTGGCAGAATTGG 



ATGGGCCAACTAAATCA 



CCAGGAGAAATATTCAAATATAAATGGACAGTGACTGTAGAAG 

ATGGGCCAACTAAATCAGATCCTCGGTGCCTGACCCGCTATT 
ACTCTAGTTTCGTT MTATGGAGAGAGATCTAGCTT 



2209 



2210 



2211 
2212 



AAGCTAGATCTCTCTCCATATTAACGAAACTAGAGTAATAGCG 1 2213 
GGTCAGGCACCGAGGATCTGATTTAGTTGGCCCATC1TCTAC 
AGTCACTGTCCATTTATA TTTGAATATTTCTCCTGG 

CTAMTCAGATCCTCGG 
CCGAGGATCTGATTTAG 

GAAATATTCAAATATAAATGGACAGTGACTGTAGAAGATGGGC 
CAACTAAATCAGATCCTCGGTGCCTGACCCGCTATTACTCTA 
GTTTCGTTAATATGGAGAGAGATCTAGCTTCAGGAC 

GTCCTGAAGCTAGATCTCTCTCCATATTAACGAAACTAGAGTA 2217 
ATAGCGGGTCAGGCACCGAGGATCTGATTTAGTTGGCCCATC 
TTCT ACAGTCACTGTCCA TTTATATTTGAATATTTC 

CAGATCCTCGGTGCCTG 
CAGGCACCGAGGATCTG 

TATAAATGGACAGTGACTGTAGAAGATGGGCCAACTAAATCA 
GATCCTCGGTGCCTGACCCGCTATTACTCTAGTTTCGTTAATA 
TGGAGAGAGATCTAGCTTCAGGACTCATTGGCCCTC 

GAGGGCCAATGAGTCCTGAAGCTAGATCTCTCTCCATATTAA 2221 
CGAAACTAGAGTAATAGCGGGTCAGGCACCGAGGATCTGATT 
TAGTTGGCCCATCnCTA CAGTCACTGTCCATTTATA 

GCCTGACCCGCTATTAC 
GTAATAGCGGGTCAGGC 



TATAAATGGACAGTGACTGTAGAAGATGGGCCAACTAAATCA 
GATCCTCGGTGCCTGACCfiGCTATTACTCTAGTTTCGTTAATA 
TGGAGAGAGATCT AGCTTCAGGACTCATTGGCCCTC 

GAGGGCCAATGAGTCCTGAAGCTAGATCTCTCTCCATATTAA 
CGAAACTAGAGTAATAGCGGGTCAGGCACCGAGGATCTGATT 
TAGTTGGCCCATCTTCTA CAGTCACTGTCCATTTATA 

GCCTGACCCGCTATTAC 
GTAATAGCGGGTCAGGC 



2218 
2219 
2220 



2225 



ATAAATGGACAGTGACTGTAGAAGATGGGCCAACTAAATCAG 
ATCCTCGGTGCCTGACCCGCTATTACTCTAGTTTCGTTAATAT 
GGAGAGAGATCTAGCTTCAGGACTCATTGGCCCTCT 



( 

WO 01/73002 



1 

IliMiPi 




flit 




AGAGGGCCAATGAGTCCTGAAGCTAGATCTCTCTCCATATTM 
CGAAACTAGAGTAATAGCGGGTCAGGCACCGAGGATCTGATT 
TAGTTGGCCCATCTTCTACAGTCACTGTCCATTTAT 


2229 




CCTGACCCGCTATTACT 


2230 




AGTAATAGCGGGTCAGG 


I 2231 


Haemophilia A 

Ser534Pro 

cTCT-CCT 


ACAGTGACTGTAGAAGATGGGCCAACTAAATCAGATCCTCGG 
TGCCTGACCCGCTATTACTCTAGTTTCGTTAATATGGAGAGAG 
ATCTAGCTTCAGGACTCATTGGCCCTCTCCTCATCT 


2232 




AGATGAGGAGAGGGCCAATGAGTCCTGAAGCTAGATCTCTCT 
CCATATTAACGAAACT AGAGTAATAGCGGGTCAGGCACCGAG 
GATCTGATTTAGTTGGCCCATCTTCTACAGTCACTGT 


2233 




GCTATTACTCTAGTTTC 


2234 




GAAACTAGAGTAATAGC 


2235 


Haemophilia A 

Ser535Gly 

tAGT-GGT 


GTGACTGTAGAAGATGGGCCAACTAAATCAGATCCTCGGTGC 
CTGACCCGCTATTACTCTAGTTTCGTTAATATGGAGAGAGATC 
TAGCTTCAGGACTCATTGGCCCTCTCCTCATCTGCT 


2236 




AGCAGATGAGGAGAGGGCCAATGAGTCCTGAAGCTAGATCTC 

TCTCCATATTAACGAAACTAGAGTAATAGCGGGTCAGGCACC 

GAGGATCTGATTTAGTTGGCCCATCTTCTACAGTCAC 


2237 




ATTACTCTAGTTTCG7T 


2238 




AACGAAACTAGAGTAAT 


2239 


Haemophilia A 

Val537Asp 

GTT-GAT 


TAGAAGATGGGCCMCTAAATCAGATCCTCGGTGCCTGACCC 
GCT ATTACTCTAGTTTCGTT AATATGGAGAGAGATCTAGCTTC 
AGGACTCATTGGCCCTCTCCTCATCTGCTACAAAGA 


2240 




TCTTTGTAGCAGATGAGGAGAGGGCCMTGAGTCCTGAAGCT 
AGATCTCTCTCCATATTAACGAAACTAGAGTAATAGCGGGTCA 
GGCACCGAGGATCTGATTTAGTTGGCCCATCTTCTA 


2241 




TAGTTTCGITAATATGG 


2242 




CCATATTAACGAAACTA 


2243 


Haemophilia A 

Arg541Thr 

AGA-ACA 


CAACTAAATCAGATCCTCGGTGCCTGACCCGCTATTACTCTA 

GnTCGTTAATATGGAGAGAGATCTAGCTTCAGGACTCATTGG 

CCCTCTCCTCATCTGCTACAAAGAATCTGTAGATCA 


2244 




TGATCTACAGATTCTTTGTAGCAGATGAGGAGAGGGCCAATG 
AGTCCTGAAGCTAGATCTCTCTCCATATTAACGAAACTAGAGT 

AATAGCGGGTCAGGCACCGAGGATCTGATTTAGTTG 


2245 




TATGGAGA<5AGATCTAG 


2246 




CTAGATCTCTCTCCATA 


2247 


Haemophilia A 

Asp542Qy 

GAT-GGT 


CTAAATCAGATCCTCGGTGCCTGACCCGCTATTACTCTAGTTT 
CGTTAATATGGAGAGAGATCTAGCTTCAGGACTCATTGGCCC 
TCTCCTCATCTGCTACAAAGAATCTGTAGATCAAAG 


2248 



i 

PCT/US01/09761 

-172- 



WO 01/73002 



-173- 



PCT/US01/09761 



Haemophilia A 
Asp542His 
aGAT-CAT 



Haemophilia A 

Asp542Tyr 

aGAT-TAT 



Haemophilia A 
Glu557Term 
aGAA-TAA 



Haemophilia A 

Ser558Phe 

TCT-TTT 



Haemophilia A 

Val559Ala 

GTA-GCA 



CmGATCTAUAGATTCTTTGTAGCAGATGAGGAGAGGGCCA" 

ATGAGTCCTGAAGCTAGAICTCTCTCCATATTAACGAAACTAG 
AGT AATAGCGGGTCAGGC ACCGAGGATCTGATTTAfi 

GGAGAGAGATCTAGCTT 

AAGCTAGATCTCTCTCC 

^I^^^C^TGCCT^CCCGCTAnACTCTAGTT' 

TCGTTAATATGGAGAGAfiATCTAGCTTCAGGACTCATTGGCC 
CTCTCCTCATCTGCTACAMGAATCTGTAGATCAAA 



2249 



TTTGATCTACAGATTCTTTGT AGCAGATGAGGAGAGGGCCAAT 

GAGTCCTGAAGCTAGATQTCTCTCCATATTAACGAAACTAGAG 
TAATAGCGGGTCAGGCA CCGAGGATCTGATTTART 

TGGAGAGAGATCTAGCT 

AGCTAGATCTCTCTCHA 



i£[^ TCAGATCCTCG GTGCCTGACCCGCTATTACTCTAGTT 
ISS™ TATGGAGAGA ^ ATCTAGCTTC AGGACTCATTGGCC 
CTCTCCTCATCTGCTACAAAGAATCTGT AGATCAAA 

TTTGATCTACAGATTC7TTGTAGCAGATGAGGAGAGGGCCAAT 

GAGTCCT(^GCTA(^TCTCTCTCCATATTMCGAAACTAGAG 
TAATAGCGGGTCAGGCA CCGAGGATCTGATTTAfiT 

TGGAGAGAGATCTAGCT 

AGCTAGATCTCTCTCCA 



2253 



GTTAATATGGAGAGAGATCTAGCTTCAGGACTCATTGGCCCT 

CTCCTCATCTGCTACAAAGAATCTGTAGATCAAAGAGGAAACC 
AGGTGAGTTCTTGCCTTTCCAAGTGCTGGGTTTCA T 

ATGAAACCCAGCACTTGGAAAGGCAAGAACTCACCTGGTTTC 

CTCTTTGATCTACAGATTCTTTGTAGCAGATGAGGAGAGGGC 
CAATGAGTCCTGAAGCTAG ATCTCTCTCCATATTAAr 

GCTACAAAGAATCTGTA 

TACAGATTCTTTGTAfiC 



2257 



2258 
2259 



ATATGGAGAGAGATCTAGCTTCAGGACTCATTGGCCCTCTCC 
TCATCTGCTACAAAGAATCTGT AGATCAAAGAGGAAACCAGGT 
GAGTTCTTGCCTTTCCAAGT GCTGGGTTTCATTCTC 

GAGAATGAAACCCAGCACTTGGAAAGGCAAGAACTCACCTGG 

mCCTCTTTGATCTACAGAnCTrTGTAGCAGATGAGGAGAG 
GGCCAATGAGTCCTGAA GCTAGATCTCTCTCCATAT 

CAAAGAATCTGTAGATC 

GATCTACAGATTCTTTG 



2260 



2261 



2262 
2263 



TGGAGAGAGATCTAGCTTCAGGACTCATTGGCCCTCTCCTCA 

TCTGCTACAAAGAATCTGIAGATCAAAGAGGAAACCAGGTGA 
GTTCTTGCCTTTCCAAGTGCTGGGTTTCATTrTrACT 



2264 



2265 



2266 
2267 



2268 



( 



( 



WO 01/73002 
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ACTGAGAATGAAACCCAGCACTTGGAAAGGCAAGAACTCACC 
TGGTTTCCTCTTTGATCTACAGATTCTTTGTAGCAGATGAGGA 
GAGGGCCAATGAGTCCTGAAGCTAGATCTCTCTCCA 


2269 




AGAATCTGTAGATCAAA j 2270 




TTTGATCTACAGATTCT 


2271 



EXAMPLE 14 
Hemophilia - Factor IX Deficiency 

The attached table discloses the correcting oligonucleotide base sequences for the 
Factor IX oligonucleotides of the invention. 



Table 21 

Factor IX Mutations and Genome-Correcting Ofiqos 



:«%*x*x*:%v:*>:vX.:^ 



HI 



Haemophilia 8 

Asn2Asp 

tAAT-GAT 


ATTrCAGTTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAA 
TCGGCCAMGAGGTATAATTCAGGTAAATTGGAAGAGTTTGTT 
CAAGGGAACCTTGAGAGAGAATGTATGGAAGAAA 


2272 


TTTCTTCCATACATTCTCTCTCAAGGTTCCCTTGAACAAACTCT 
TCCMTTT ACCTGAATTATACCTCTTTGGCCGATTC AGAA 1 1 1 1 
GTT GGCGTTTTCATGATCAAG AAAAACTGAAAT 


2273 


AGAGGTATAATTCAGGT 


2274 


ACCTGAATTATACCTCT 


2275 


Haemophilia B 

Asn2lle 

AAT-ATT 


TTTCAGl IIIICI I GA I CA I GAAAACGCCAACAAAATTCTGAAT 

CGGCCAMGAGGTATAATTCAGGTAAATTGGAAGAGTTTGTT 

CAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAA 


2276 


ttttcttccatacattctctctcaaggttcccttgaacaaactc 
ttccmtttacctgmttatacctctnggccgattcagmttt 
tgttggcgttttcatgatcaagaaaaactgaaa 


2277 


GAGGTATAATTCAGGTA 


2278 


TACCTGAATTATACCTC 


2279 


Haemophilia B 

AsnZTyr 

tAAT-TAT 


ATT1CAGI IIIICI IGAICAI GAAAACGCCAACAAAATTCTGAA 
TCGGCCAMGAGGTATAATTCAGGTAAATTGGAAGAGTTTGTT 
CAAGGGAACCTTGAGAGAGAATGTATGGAAGAAA 


2280 


TTTCTTCCATACATTCTCTCTCAAGGTTCCCTTGAACAAACTCT 
TCCMTTTACCTGMnATACCTCTTTGGCCGATTCAGAATTTT 
GTTGGCGTTTTCATGATCAAGAAAAACTGAAAT 


2281 



( 

WO 01/73002 PCT/US01/09761 

-175- 



laemophilia B 
Ser3Pro 
tTCA-CCA 



Haemophilia B 
Gly4Asp 
GGT-GAT 



4 



Haemophilia B 
Gly4Ser 
aGGT-AGT 



Haemophilia B 

Lys5Glu 

tAAA-GAA 



Haemophilia B 
Glu7Ala 
GAA-GCA 



AGAGGTATAATTCAGGT 
ACCTGAATTATACCTCT 



TCAGi 1 1 MU ICiATCATGAAMCGCCMCAAMTrCTGAATC" 
GGCCAAAGAGGTATAATTCAGGT AAATTGGAAGAGnTGTTCA 
AGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGT 

AGT7TTCTTCCATACATTCTCTCTCAAGGTTCCCTTGAACAAAC 

TCTTCCMTTTACCTGiAATTATACCTCTTTGGCCGATTCAGAA 
TTTTGTTGGCGTTTTCATGATCAAGAAAAACTGA 



2282 
2283 
H 



2285 



GGTATAATTCAGGTAAA 



2286 



TTTACCTGAATTATACC 



1 1 1 1 IU IliATCATGAAMCGCCMCAAMTTCTGAATCGGO 
AAAGAGGTATAATTCAGGTAAATTGGAAGAGTTTGTTCMGGG 
AACCrreAGAGAGAATGTATGGAAGAAAAGTGTAG 



CTACACTTTTCTTCCATACATTCTCTCTCAAGGTTCCCTTGAAC 
AAACTCnCCAATTTACCTGAATTATACCTCTTTGGCCGATTCA 
GAATTTTGTT GGCGTTTTCATGATCAAGAAAAA 



TAATTCAGGTAAATTGG 



CCAATTTACCTGAATTA 

GTTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGC 
CAAAGAGGTATAATTCAGGTAAATTGGAAGAGTTTGTTCAAGG 
GAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTA 

TACACTTTTCTTCCATACATTCTCTCTCAAGGTTCCCTTGAACA 

MCTCTTCCAATTTACCTGAATTATACCTCTTTGGCCGATTCA 
GMTTTTGTTGGCGTTTTCATGATCAAGAAAAAC 



ATAATTCAGGTAAATTG 



CAATTTACCTGAATTAT 

tttcttgatcatgaaaacgccaAcaaaattctGaatcGgccAa' 

agaggtataattcaggtaaattggmgagtttg7tcmgggaa 
ccttgagagagaatgtatggaagaaaagtgtagtt 



2287 
2288 



2289 



2290 



2291 
2292 



2293 



2294 



2295 



AACTACACTTTTCTTCCATACATTCTCTCTCAAGGTTCCCTTGA 
ACAMCTCTTCCAAT7TACCTGAATTATACCTCTTTGGCCGATT 
CAGAATTTTGTTGGCGTTTTCATGATCAAGAAA 



ATTCAGGTAAATTGGAA 



ttccaattiacctgaat 

atcatgaaaacgccaacaaaattctgaatcggcCamgagGta 
taattcaggtaaattggaagagtttgttcaagggaaccttgag 

AGAGAATGTATGGAAGAAAAGT GTAGTTTTG AAGA 



2296 



2297 



2298 



TCTTCAAAACTACACTTTTCTTCCATACATTCTCTCTCAAGGTT 

CCCTTGMCAAACTCTTCCAATTTACCTGAATTATACCTCTTTG 
GCCGATTCAGAATTTTGTTGGCGTTTTCATGAT 



2299 
If 



2301 



( 

WO 01/73002 PCT/US01/09761 

-176- 









■ 


TAAATTGGAAGAGTTTG 


2302 


CAAACTCTTCCAATTTA 


2303 


Haemophilia B 
Qu7Lys 

_/■* A * AAA 

gGAA-AAA 


GATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGG 
TATMTTCAGGTAMTTGGMGAGTTTGTTCAAGGGAACCTTG 

A /> A A O A A TV* 1 A TV^^ A A /"> A A A A /*\T^T A ATTTTA A A f\ 

AGAGAGAATGTATGGAAGAAAAGTGTAG INI GAAG 


2304 


CTTCAAAACTACACTTTTCTTCCATACATTCTCTCTCAAGGTTC 
CCTTGAACAAACTCnCCAATTTACCTGAATTATACCTCTTTGG 
CCGATTCAGAATTTTGTTGGCGTTTTCATGATC 


2305 


GTAAATTGGAAGAGTTT 


2306 


AAACTCTTCCAATTTAC 


2307 


Haemophilia B 

Glu7Val 

GAA-GTA 


ATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGtA 
TAATTCAGGTAAATTGGAAGAG 1 1 IGI 1 CAAGGGAACCTTGAG 

AGAGAATGTATGGAAGAAAAGTGTAGTTTTGAAGA 


2308 


TCTTCAAMCTACACTTTTCTTCCATACATTCTCTCTCAAGGTT 
CCCnGMCAAACTCTTCCAATTTACCTGMTTATACCTCTTTG 

A#lh ^*A A <^%H A A A AAAVAVABP 1 A%Am«M A**A ^Av AAV JAAaAAAABW a AAA1 A A^AV 

GCCGATTCAGAATnTGTTGGCGTTTTCATGAT 


2309 


TAAATTGGAAGAGTTTG 


2310 


CAAACTCTTCCAATTTA 


2311 


Haemophilia B 
Glu8Ala 

GAG-GCG ! 


ATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAA 

nCAGGTAMTTGGAAGAGTTTGTTCAAGGGAACCTTGAGAG 

AGMTGTATGGAAGAAAAGTGTAGTTTTGAAGAAGC 


2312 


GCTTCTTCAAMCTACACTTTTCTTCCATACATTCTCTCTCAAG 
GTTCCCTTGMCAAACICTTCCAATTTACCTGAATTATACCTCT 

AAAIA JAi A0A*. jAv AAk JA A AAlAA> AAk A Ak A A AAAAAHAAl AAAAAM AAV Av ^Av AM^M^B^A .^A. A AA 

TTGGCCGATTCAGAATTTTGTT GGCGTTTT CAT 


2313 


ATTGGAAGAGTTTGTTC 


2314 


GAACAAACTCTTCCAAT 


2315 


Haemophilia B 

Glu8Gly 

GAG-GGG 


atgaaaacgccaacaaaattctgaatcggccaaagAGgTaTaa 
ncaggtamttggmgagtttgttcmgggaaccttgagag 

A ^\ A A A *^/"> /"^ A A /"X A A A A ^%^P^V^ A ^^^^^V^^^^ A A A A 

AGAATGTATGGAAGAAAAGTGTAGTTTTGAAGAAGC 


2316 


GCTTCTTCAAMCTACACTTTTCTTCCATACATTCTCTCTCAAG 
GTTCCCTTGMCMACTCTTCCAATTTACCTGMTTATACCTCT 
TTGGCCGATTCAGAA HUGH GGCGTTTTCAT 


2317 


ATTGGAAGAGTTTGTTC 


2318 


GAACAAACTCTTCCAAT 


2319 


Haemophilia B 

Phe9Cys 

TTT-TGT 


AAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTC 
AGGTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGA 
ATGT ATGGAAGAAAAGTGTAGTTTTGAAGAAGCACG 


2320 




CGTGCTTCTrCAAAACTACACTTTTCTTCCATACATTCTCTCTC 
MGGTTCCCnGAACAAACTCncCAATTTACCTGAATTATAC 
CTCTTTGGCCGATTCAGAA 1 1 1 1 GTTGGCGTTTT 


2321 



( r 

W ° 01/73002 PCT/US01/09761 

-177- 



Haemophilia B 
Phe9lle 
gTTT-ATT 



laemophilia B 
Arg(-1)Ser 
AGGt-AGC 



Haemophilia B 
Arg(-1)Thr 
AGG-ACG 



Haemophilia B 
Lys(-2)Asn 
AAGa-AAT 



laemophilia B 
Arg(-4)Gln 
CGG-CAG 



GGAAGAG7TTGTTCAAG 



2322 



CTTGAACAAACTCTTCC 



2323 



GAAAACGUCAACAAAATTCTGMTCGGCCAAAGAGGTATAATT 
CAGGTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAG 
AATGTATGGAAGAAAAGTGTAGTTTTGAAGAAGCAC 

GTGCTTCTTCAAMCTACACTTTrCTTCCATACATTCTCTCTCA 

AGGTTCCCTTGAACAAACTCTTCCAATTTACCTGAATTATACC 
TCTTTGGCCGATTCAGAATTT TGTT GGCGTTTTC 

TGGAAGAGirTGTTCAA 



2324 



2325 



2326 
2327 



CAGl 1 1 1 IUI iuaicaTgaaaacgccmcaaaattc 

TGAATCGGCCAAAGAGGTATAATTCAGGTAAATTGGAAGAGTT 
TGTTCAAGGGAACCTTGAGAGAGAATGTATGGAA 

TTCCATACATTCTCTCTCAAGGTTCCCTTGAACAAACTCTTCC 

MTnACCTGMTTATACCTCTTTGGCCGATTCAGAATTTTGTT 
GGCGTTTTCATGATCAA GAAAAACTGAAATGTAA 

CCAAAGAGGTATAATTC 
GAATTATACCTCTTTGG 

TTTACATnCAGTTTTTCTTGATCATGAAAACGCCAACAAAATT 
CTGAATCGGCCAAAGAGGTATAATTCAGGTAAA7TGGAAGAG 
TTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGA 

TCCATACATTCTCTCTCAAGGTTCCCTTGAACAAACTCTTCCA 

ATTrACCTGMTTATACCTCTTTGGCCGATTCAGAATTTTGTTG 
GCGTTTTCATGATCAAGAAAAACTGAAATGTAAA 

GCCAAAGAGGTATAATT 
AATTATACCTCTTTGGC 



.gaaaacGCcaacaaaa 

ttctgaatcggccaaagaggtataattcaggtaaattggaaga 
gtttgttcaagggaaccttgagagagaatgtatg 

CATACATTCTCTCTCAAGGTTCCCTTGMCAAACTCTTCCAAT 

TTACCTGMnATACCTCTTTGGCCGATTCAGMTTTTGTTGG 
CGTTTTCATGATCAAGAAAAACTGAAATGTAAAAG 
CGGCCAAAGAGGTATAA 

TTATACCTCJTTGGCCG 

Ml lAl IU 1 1 1 AC A 1 1 1 GAG 1 1 1 1 1 C ITGATCATGAAAACGCl 

AACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAGGTAAAT 
TGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGA 

TCTCTCTCAAGGTTCCCTTGAACAAACTCTTCCMTTTACCTG 

MTTATACCTCTTTGGCCGATTCAGMTTTTGTTGGCGTTTTCA 
TGATCAAGAAAAACTGAAATGTAAAAfiAATAATT 



2358 



2329 



2333 



2334 
2335 



2336" 



2337 



2338 
2339 



2341 



( 



WO 01/73002 



PCT/US01/09761 



-178- 











TCTGAATCGGCCAAAGA 


2342 


TCTTTGGCCGATTCAGA 


2343 


Haemophilia B 

Arg(-4)Leu 

CGG-CTG 


MnATtCTTnACAlTrCAGTTTTTCTTGATCATGAAAACGCC 
AACAAMTTCTGAATCGGCCAAAGAGGTATAATTCAGGTAAAT 
TGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGA 


2344 


TCTCTCTCAAGGTTCCCTTGAACAAACTC7TCCAATTTACCTG 

MnATACCTCTTTGGCCGATTCAGMTTTTGTTGGCGTTTTCA 

TGATCAAGAAAAACTGAAATGTAAAAGAATAATT 


2345 


TCTGAATCGGCCAAAGA 


2346 


TCTTTGGCCGATTCAGA 


2347 


Haemophilia B 

Arg(-4)Trp 

tCGG-TGG 


GMnAnCTTTTACATTrCAGTTTTTCTTGATCATGAAAACGC 
CAACAAAATTCTGAATC GGCCAAAGAGGTATAATTCAGGTAAA 
TTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAG 


2348 


CTCTCTCAAGGTTCCCTTGAACAAACTCTTCCAATTTACCTGA 

AnATACCTCTTTGGCCGAnCAGMTTTTGTTGGCGTTTTCAT 

GATCAAGAAAAACTGAAATGTAAAAGAATAATTC 


2349 


TTCTGAATCGGCCAAAG 


2350 


CTTTGGCCGATTCAGAA 


2351 


Haemophilia B 

Gln11Term 

tCAA-TAA 


GCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAGGTA 
AATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGMTGTAT 
GG AAGAAAAGT GTAGTTTTGAAGAAGCACGAGAAG 


2352 


CTTCTCGTGCTTCnCAAMCTACACTnTCTTCCATACAnCT 
CTCTCAAGGTTCCCTTGAACAAACTCTTCCAATTTACCTGAAT 
TATACCTCmGGCCGATTCAGAATTTTGTTGGC 


2353 


AGTTTGTTCAAGGGAAC 


2354 


GTTCCCTTGAACAAACT 


2355 


Haemophilia B 

Gly12Ala 

GGG-GCG 


ACAAAATTCTGAATCGGCCAAAGAGGTATMTTCAGGTAAATT 
GGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGA 
AGAAMGTGTAGTTTTGAAGAAGCACGAGAAGTTTT 


2356 


AAMCnCTCGTGCTTCTTCAAAACTACACTTTTCTTCCATACA 

TTCTCTCTCAAGGTTCCCTTGAACAAACTCTTCCAATTTACCT 

GAATTATACCTCTTTGGCCGATTCAGAATTTTGT 


2357 


TGTTCAAGG.GAACCTTG 


2358 


CAAGGTTCCCTTGAACA 


2359 

PM^P? ^PT ^P* 


Haemophilia B 

Gly12Arg 

aGGG-AGG 


AACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAGGTAAAT 
TGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGG 

AAGAAAAGTGTAGTTTTGAAGAAGCACGAGAAGTTT 


2360 


AMCnCTCGTGCTTCTTCAAMCTACACTTTTCTTCCATACAT 
TCTCTCTCAAGGTTCCCTTGAACAAACTCTTCCAATTTACCTG 
MnATACCTCTTTGGCCGATTCAGAATTTTGTT 


2361 



r 

V 

WO 01/7J002 PCT/US01/09761 

-179- 



CihicarPMnotote 



i:>> 



Haemophilia 
Giy12Glu 
GGG-GAG 



Haemophilia B 

Glu17Gln 

aGAA-CAA 



Haemophilia B 
Glu17Lys 
aGAA-AM 



Haemophilia B 
Cys18Arg 

aTGT-CGT 



Haemophilia B 
Cys18Tyr 
TGT-TAT 



TTGTTCAAGGGAACCTT 



AAGGTTCCCTTGAACAA 

JTCTGAATCGGCCAAA< 
GGAAGAGTTTGTT CAAGGGAACCTTGAGAGAGAATGTATGGA 
AGAAAAGTGTAGTTTTGAAGAAGCACGAGAAGTTTT 



mom,, 

><.v.. : lt>j>^$>X-Ka^. 



2362 



2363 



AAMCTTCTCGTGCTTCTTCAAAACTACACTnTCTTCCATACA 

TTCTCTCTCAAGGTTCCCTTGMCAAACTCTTCCMTTTACCT 
GAATTATACCTCTTTGGCCGATTCAGAATTTTGT 



TGTTCMGGGAACCTTG 



CAAG GTTCCCTTGAACA 



2354 



2365 



2366 



2367 



AAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTAGTT 
7TGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAA 

TTTCAGTGTTTTCAAAAACTTCTCGTGCTTCTrCAAAACTACAC 
TTTTCTTCCATACATTgTCTCTCMGGTTCCCTTGAACAMCTC 
TTCCAATTTACCTGAATTATACCTCTTTGGCCG 



TTGAGAGAGAATGTATG 



CATACATTCTCTCTCAA 



CGGU(JAAAC3AGGTATAATTCAGGTAAATTGGAAGAGTTTGTTC 

aagggaaccttgagaga gaatgt atggaagaaaagtgtagtt 
ttgaagaagcacgagmgtttttgaaaacactgaaa 



2368 



2369 



2370 



2371 



TTTCAGTGTTTTCAAAAACTTCTCGTGCTTCTTCAAAACTACAC 

TTTTCTTCCATACATTCTCTCTCAAGGTTCCCTTGAACAAACTC 
TrCCAATTTACCTGAATTATACCTCTTTGGCCG 



TTGAGAGAGAATGTATG 



CATACATTCTCTCTCAA 



CCAAAGAGG1 ATAATTCAGGTAAATTGGAAGAGTTTGTTCAAG 

GGMCCTTGAGAGAGMTGTATGGMGAAAAGTGTAGTTTTG 
AAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAA 



2372 



2373 



2374 



2375 



TTCTTTCAGTGTTTTCAAAAACTTCTCGTGCTTCTTCAAAACTA 
CACTTTTCTTCCATACATTCTCTCTCAAGGTTCCCTTGAACAA 
ACTCTTCCAATTTACCTGAATTATACCTCTTTGG 



AGAGAGAATGTATGGAA 



TTCCATACATTCTCTCT 



CAAAGAGGTAi AATTCAGGTAAATTGGAAGAG 1 1 IGITCAAGG 

GMCCTTGAGAGAGAATGTATGGMGAAAAGTGTAGTTTTGAA 
GMGCACGAGMGTTTTTGAAAACACTGAAAfiAAr 



2376 



2377 



2378 



2379 



GTTCTTTCAGTGTTTTCAAAAACTTCTCGTGCTTCTTCAAAACT 

ACACTTTTCTTCCATACATTCTCTCTCAAGGTTCCCTTGAACAA 
ACTCTTCCAATTTACCTGAATTATAnnTCTTTG 



2380 



2381 



r 

* 

WO 01/73002 PCT/US01/09761 
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Haemophilia B 
Glu20Val 
GAA-GTA 



GAGAGAATGTATGGAAG 



2382 



CTTCCATACATTCTCTC 2383 

iTATAATTCAGGTAAATTGGAAGAG 1 1 1 GTTCAAGGGMCCT | 2384 
TGAGAGAGAATGT ATGGAAGAAAAGTGTAGTTTTGAAGAAGC 
ACGAGAAGTTTTTGAAAACACTGAAAGAACAGTGAG 



CTCACTGTTCTTTCAGTGTTTTCAAAAACTTCTCGTGCTTCTTC 
AAMCTACACTTTTCTTCCATACATTCTCTCTCAAGGTTCCCTT 
GAACAAACTCTTCCAATTTACCTGAATTATACC 



2385 



ATGTATGGAAGAAAAGT 



2386 



ACTTTTCTTCCATACAT 



2387 



Haemophilia B 
Glu21 Lys 
aGAA-AAA 



TATAATTCAGGTAAATTGGAAGAG 1 1 1 G ITCAAGGGAACCTTG 
AGAGAGAATGTATGGAAGAAAAGTGTAGTTTTGAAGAAGCAC 
GAGAAGTTTTTGAAAACACTGAMGAACAGTGAGTA 



2388 



TACTCACTGTTCTTTCAGTGTTrTCAAAAACTTCTCGTGCTTCT 
TCAAMCTACACTTTTCTTCCATACATTCTCTCTCAAGGTTCCC 
TTGAACAAACTCTTCCAATTTACCTGAATTATA 



2389 



GTATGGAAGAAAAGTGT 



2390 



ACACTTTTCTTCCATAC 



2391 



Haemophilia B 

Cys23Arg 

gTGT-CGT 



Haemophilia B 
Cys23Tyr 
TGT-TAT 



Haemophilia B 

Phe25Ser 

TTT-TCT 



TCAGGTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGA 
GAATGTATGGAAGAAAAGIGTAGTnTGAAGAAGCACGAGAA 
GTTTTTGAAAACACTGAAAGAACAGTGAGTATTTCCA 



2392 



TGGAMTACTCACTGTTCnTCAGTGTTTTCAAAAACTTCTCGT 
GCTTCTTCAAAACTACACTTTTCTTCCATACATTCTCTCTCAAG 
GTTCCCTTGMCAAACTCTTCCAATTTACCTGA 



2393 



AAGAAAAGTGTAGTTTT 



2394 



AAAACTACACTTTTCTT 

CAGGTAAATTGGAAGAG HIGH CAAGGGAACCTTGAGAGAG 

AATGTATGGMGAAAAGTGTAGTTTTGAAGAAGCACGAGAAGT 

TTTTGAAAACACTGAAAGAACAGTGAGTATTTCCAC 



2395 



GTGGAMTACTCACTGnCTTTCAGTGTTTTCAAAAACTTCTC 2397 
GTGCTTCTTCAAMCTACACTTTTCTTCCATACA7TCTCTCTCA 

AGGTTCCCTTGAACAAACTCTTCCAATTTACCTG 

AGAAAAGTGTAGTTTTG 2398 



CAAAACTACACTTTTCT 



2399 



AATTGGAAGAG 1 1 IGI I CAAGGGMCCTTGAGAGAGAATGTAT 
GGAAGAAAAGTGTAGTTTT GAAGAAGCACGAGAAGTTTTTGAA 
AACACTGAAAGAACAGTGAGTATTTCCACATAATA 



2400 



TATTATGTGGAMTACTCACTGTTCTnCAGTGTTTTCAAAAAC 
nCTCGTGCTTCTTCAAMCTACACTTTTCTTCCATACATTCTC 
TCTCMGGTTCCCTTGAACAAACTCTTCCAATT 



2401 



( 

WO 01/73002 
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Haemophilia B 

Glu26Gln 

tGAA-CAA 



laemophilia B 
Glu27Ala 
GAA-GCA 



Haemophilia B 
Glu27Asp 
GAAg-GAC 



Haemophilia B 
Glu27Lys 
aGAA-AAA 



Haemophilia B 
Glu27Val 
GAA-GTA 



GTGTAGTTTTGAAGAAG 
CTTCTTCAAMCTACAC 



1 1 GCaAAGAGTTTGTTCAAGGGAAGC 1 1 UAGAGAGMTGTATG 
GMGAAMGTGTAGTTTTGAAGAAGCACGAGAAGTTTTTGAAA 
ACACTGAAAGAACAGTGAGTATTTCCACATAATACC 

GGTATTATGTGGAAATACTCACTGTTCT7TCAGTGTTTTCAAAA 

At^CTCGTGCTTCTTCAAAACTACACTTTTCTTCCATACATTC 
TCTCTCAAGGTTCCCTTGAAC AAACTCTTCnAA 

GTAGTTTTGAAGAAGCA 
TGCTTCTTCAAAACTAC 

AAbAU I T rGTTCAAGGGMCCnGAGAGAGAATGTATGGAAG 

AAMGTGTAGTTITGMGMGCACGAGAAGTTTTTGAAAACAC 
TGAAAGAACAGTGAGTATTTCCAnATAATAr.nriTr 



2405 



GMGGGTATTATGTGGAAATACTCACTGTTCTTTCAGTGTTTT 

CAAAMCTTCTCGTGCTTCTTCAAAACTACACTTTTCTTCCATA 
CATTCTCTCTCMGGTTCCCTT GAACAAACTftrT 

TTTTG AAG AAGC AC GAG 
CTCGTGCTTCTTCAAAA 

AGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGA 
AMGTGTAGTTTTGMGAAGCACGAGAAGTTTTTGAAAACACT 
GAAAGMCAGTGAGTATTTCCACATAATACCCTTCA 

TGAAGGGTATTATGTGGAAATACTCACTG1TCTTTCAGTGTTT 

TCAAAMCTTCTCGTGCTrCTTCAAAACTACACTTTTCTTCCAT 
ACATTCTCTCTCMGGTT CCCTTGAAnAAAPTrrr 

TTTGAAGAAGCACGAGA 
TCTCGTGCTTCTTCAAA 



GMGAGTnGTTCAAGGGAACCTTGAGAGAGAATGTAtGGAA 

GAAMGTGTAGTTTTGMGMGCACGAGMGTTTTTGAAAACA 
CTGAAAGAACAGTGAGTATTTCCACATAATACCnTT 



2406 
2407 
14W 



2409 



2413 



MGGGTATTATGTGGAAATACTCACTGTTCTTTCAGTGTTTTC 

AAAMCTTCTCGTGCnCTTCAAAACTACACTTTTCTTCCATAC 
ATTCTCTCTCAAGGTTCCCTT GAACAAACTCTTC 

GTTTTGAAGAAGCACGA 
TCGTGCTTCTTCAAAAC 

MliACjTTTGTTCMGGGMCCnGAGAGAGMTGTATGGAAG 
AAAAGTGTAGTTTT GMGAAGCACGAGMGTTTTTGAAAACAC 
TGAAAGAACAGTGAGTATrTCCACATAATACCCTTC 



2417 



GMGGGTATrATGTGGAAATACTCACTGTTCTTTCAGTGTTTT 

CAAAMCTTCTCGTGCTTCTTCAAAACTACACTTTTCTTCCATA 
CATTCTCTCTCAAGGTTCCCTTfiAAnAAAnTPTT 



2421 
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TTTTGAAGAAGCACGAG 



CTCGTGCTTCTTCAAAA 



2422 



2423 



Haemophilia B 

Arg29Gln 

CGA-CAA 



TTGTTCMGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGT ' 
GTAGTTTTGMGMGCACGAGMGTTTTTGAAAACACTGAMG 
AACAGTGAGTATTTCCACATAATACCCTTCAGATGC 



2424" 



GCATCTGAAGGGTATTATGTGGAAATACTCACTGTTCTTTCAG 
TGTTTTCAAAAACTTCTCGTGCTT CTTC AAAACTACACTTTTCT 

TCCATACATTCTCTCTCAAGGTTCCCTTGAACAA 



2425 



AGAAGCACGAGAAGTTT 



2426 



AAACTTCTCGTGCTTCT 

TTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGT 

GTAGTTTTGMGMGCACGAGAAGTTnTGAAAACACTGAAAG 

AACAGTGAGTATTTCCACATMTACCCTTCAGATGC 



2427 



Haemophilia B 

Arg29Pro 

CGA-CCA 



2428 



GCATCTGAAGGGT ATTATGT GGAAATACTCACTGTTCTTTCAG 
TGTTTTCAAAMCTTCTCGTGCTTCTTCAAAACTACACTTTTCT 
TCCATACATTCTCTCTCAAGGTTCCCTTGAACAA 



2429 



AGAAGCACGAGAAGTTT 



2430 



AAACTTCTCGTGCTTCT 



2431 



Haemophilia B 

Arg29Term 

aCGA-TGA 



Haemophilia B 

Glu30Lys 

aGAA-AAA 



TTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGT 
GTAGTTTTGMGMGCACGAGMGTTTTTGAAAACACTGAAAG 
AACAGTGAGTATTTCCACATMTACCCTTCAGATG 



2432 



CATCTGMGGGTATTATGTGGAAATACTCACTGTTCTTTCAGT 
GTTnCAAAMCTTCTCGJGCTTCTTCAAMCTACACTTTTCTT 
CCATACATTCTCTCTCAAGGTTCCCTTGAACAAA 



2433 



AAGAAGCACGAGAAGTT 



2434 



AACTTCTCGJGCTTCTT 



gttcmgggmccttgagagaGaAtgtaTgGAaGAaaAGtgt 
agttttgaag mgc acgag aagttttt gaaaac actgaaagaa 
cagtgagtatttccacataatacccttcagatgcag 



2435 



CTGCATCTGMGGGTATTATGTGGAAATACTCACTGTTCTTTC 
AGTGTTrTCAAAMCTTCTCGTGCnCTTCAAMCTACACTTTT 
CTTCCATACATTCTCTCTCAAGGTTCCCTTGMC 



AAGCACGAGAAGTTTTT 



AAAAACTTCTCGTGCTT 



2437 



2438 



2439 



Haemophilia B 

Qu30Term 

aGAA-TM 



gttcmgggaaccttgagagagaatgtatggAagaAaagtGT 
agttttgmgmgcacgagmgtttttgaamcactgaaagaa 
cagtgagtatttccacataatacccttcagatgcag 



2440 



CTGCATCTGAAGGGTATTATGTGGAAATACTCACTGTTCTTTC 
AGTGTmCAAAMCTTCJCGTGCncnCAAMCTACACTTTT 
CTTCCATACATTCTCTCTCAAGGTTCCCTTGAAC 



2441 
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Haemophilia B 

Glu33Asp 

GAAa-GAC 



Haemophilia B 

Glu33Tenn 

tGAA-TAA 



Haemophilia B 
Trp42Term 
TGG-TAG 



Haemophilia B 
Lys43Giu 
gAAG-GAG 



Haemophilia 
Gln44Term 
gCAG-TAG 



AAGCACGAGAAG" 
AAAAACTTCTCGTGCTT 



UU f TGAGAGA GAATG TATGGAAGAAA AG I G I AG I 1 1 IGAAGAA 

GCACGAGMGTTTTTGAAAACACTGAAAGAACAGTGAGTATTT 
CCACATAATACCCTTCAGATGCAGAGCATAGAATA 

TATTCTATGCTCTGCATCTGAAGGGTATTATGTGGAAATACTC 

ACTGTTCTTTCAGTGTT]TCAAAAACTrCTCGTGCTTCTTCAAA 
ACTACACTTTTCTTCCATACATT CTCTCTCAAfifi 

GTTTTTGAAAACACTGA 
TCAGT GTTTTCAAAAAC 

mau; 1 1 CiAUACiA CaMTG TATGGAAGAAAA G IGlA GI 1 1 1 GAAG 

MGCACGAGMGTTTTTGAAAACACTGAAAGAACAGTGAGTAT 
TTCCACATAATACCCTTCAGATGCAGAGCATAGAA 

TTCTATGCTCTGCATCTGAAGGGTATTATGTGGAAATACTCAC 

TGTTCTTTCAGTGTTTTfiAAAAACTTCTCGTGCTTCTTCAAAAC 
TACACTTTTCTTCCATACATT CTCTCTCAAGflTT 

AAGTTTTTGAAAACACT 
AGTGTTTTCAAAAACTT 

CAAMCACTTTAGATAnACCGHMTnGTCTTCTTTTATTCTT 

TATAGACTGMTTTTGGAAGCAGTATGTTGGTAAGCAATTCAT 
TTTATCCTCTAGCTAATATATGAAACATATGAG 

CTCATATGTTTCATATATTAGCTAGAGGATAAAATGAATTGCTT 

ACCAACATACTGCTTCCAAAATTCAGTCTATAAAGAATAAAAG 
AAGACAAATTAACGGTAATATCTAA AGTGTTTTn 

TGAATTTTGGAAGCAGT 
ACTGCTTCCAAAATTCA 



2442 
2443 



2444 



2445 



AAACACTTTAGA I A I TACCGlTAA 1 1 IGICI ICI 1 1 rAtTCTTTA" 
TAGACTGMTTTTGGAAGCAGTATGTTGGTAAGCAATTCATTT 
TATCCTCTAGCTAATATATGAAACATATGAGM ' 

TTCTCATATGTTTCATATATTAGCTAGAGGATAAAATGAATTGC 

TTACCAACATACTGCTTCCAAMTTCAGTCTATAAAGAATAAM 
GAAGACAAATTAACGGTAAT ATCTAAAGTGTTT 

AATTTTGGAAGCAGTAT 
ATACTGCTTCCAAAATT 



>448 



2449 



2450 
245? 
2452 



2453 



Tl I AGA I A I 1 ACCGTTAATI I G I U I C 1 1 1 1 ATTCTTTATAG 

ACTGMTrrTGGAAGCAGTATGTTGGTAAGCAATTCATTTTATC 
CTCTAGCTAATATATGAAACATATGAGAATTA 

TAATTCTCATATGTTTCATATATTAGCTAGAGGATAAAATGAAT 

TGCTTACCAACATACTGCTTCCAAAATTCAGTCTATAAAGAATA 
AMGMGACAAATTAACGGTAATATnTAAAftTft 



2454 

2455 
1W 



2457 



2458 
2459 



2461 



c 
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AACATACTGCTTCCAAA 



2463 



Haemophilia B 

Asp49Gly 

GAT-GGT 



CCGGGCATTCTAAGCAGTTTACGTGCCAATTCAATTTCTTAAC 
CTATCTCAAAGATGGAGATCAGTGTGAGTCCAATCCATGTTTA 
AATGGCGGCAGTTGCAAGGATGACATTAATTCCTA 



2464 



TAGGAATTAATGTCATCCTTGCAACTGCCGCCATTTAAACATG 
GATTGGACTCACACTGATCTCCATCTTTGAGATAGGTTMGAA 
ATTGM7TGGCACGTAAACTGCTTAGAATGCCCGG 



2465 



AGATGGAGATCAGTGTG 



2466 



CACACTGATCTCCATCT 



2467 



Haemophilia B 

GlnSOHis 

CAGt-CAC 



GCATTCTAAGCAGTTTACGTGCCAATTCMTTTCtTAACCTAtC 
TCAAAGATGGAGATCAfiTGTGAGTCCMTCCATGTTTAAATGG 
CGGCAGTTGCAAGGATGACATTAATTCCTATGAA 



nCATAGGMTTMTGTCATCCTrGCMCTGCCGCCATTTAAA 
CATGGATTGGACTCACACTGATCTCCATCTTTGAGATAGGTTA 
AGAAATTGAATTGGCACGTAAACTGCTTAGAATGC 



GGAGATCAGTGTGAGTC 



GACTCACACTGATCTCC 



2466 



2469 



2470 



2471 



Haemophilia B 

Gln50Pro 

CAG-CCG 



GGCATTCTAAGCAGTTTACGTGCCAATTCAATTTCTTAACCTA 
TCTCAAAGATGGAGATCAGTGTGAGTCCAATCCATGTTTAAAT 
GGCGGCAGTTGCAAGGATGACATTAATTCCTATGA 



2472 



TCATAGGAATTAATGTCATCCTTGCAACTGCCGCCATTTAAAC 
ATGGATTGGACTCACACIGATCTCCATCTTTGAGATAGGTTAA 
GAAATTGAATTGGCACGTAAACTGCTTAGAATGCC 



2473 



TGGAGATCAGTGTGAGT 



2474 



ACTCACACTGATCTCCA 



2475 



Haemophilia B 

Gln50Term 

tCAG-TAG 



Haemophilia B 
Cys51Arg 
gTGT-CGT 



GGGCATTCTMGCAGTTTACGTGCCAATTCAAtTTCTTAACCT 
ATCTCAAAGATGGAGATCAGTGTGAGTCCAATCCATGTTTAAA 
TGGCGGCAGTTGCAAGGATGACATTAATTCCTATG 



CATAGGAATTAATGTCATCCTTGCAACTGCCGCCATTTAAACA 

TGGATTGGACTCACACTGATCTCCATCTTTGAGATAGGTTAAG 
AAATTGAATTGGCACGT AAACTGCTTAGAATGCCC 



ATGGAGATCAGTGTGAG 



CTCACACTGATCTCCAT 

^nCTMGX^mACGTGCCAATTCMI HCI lAACCIAIC" 
CAAAGATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGG 
CGGCAGTTGCAAGGAT6ACATTAATTCCTATGAAT 



ATTCATAGGAATTAATGTCATCCTTGCAACTGCCGCCATTTAA 
ACATGGATTGGACTCACACTGATCTCCATCTTTGAGATAGGn 
AAGAAATTGAATTGGCACGTAAACTGCTTAGAATG 



2476 



2477 



2478 



2481 
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Haemophilia B 
Cys51Ser 
gTGT-AGT 



Haemophilia 6 
Cys51Trp 
TGTg-TGG 



V 



Haemophilia B 
Glu52Term 
tGAG-TAG 



Haemophilia B 

Pro55Aia 

tCCA-GCA 



laemophilia B 
Pro55Arg 
CCA-CGA 



-:-w>>: 



GAGATCAGTGTGAGTCC 
GGACTCACACTGATCTC 

:ATTCTAAGCAU I nACGTGCCAATTCAATTTC I T AACCTATCT 

CAAAGATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGG 
CGGCAGTTGCAAGGATGACATTAATTCCTATGAAT 

ATTCATAGGAATTAATGTCATCCTTGCMCTGCCGCCATTTM 

ACATGGATTGGACTCACACTGATCTCCATCTTTGAGATAGGTT 
AAGAAATTGAATTGGCACGTAAACT GCTTAGAATfi 

GAGATCAGTGTGAGTCC 
GGACTCACACTGATCTC 

1 1 U AAGCAGTTTACGTGCCAATTCAAl 1 1 CTTAACCTATCTCA 

AAGATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCG 
GCAGTTGCAAGGATGACATTAATTCCTATGAATGT 

ACATTCATAGGAATTAATGTCATCCTTGCAACTGCCGCCATTT 

AMCATGGATTGGACTCACACTGATCTCCATCTTTGAGATAGG 
TTAAGAMTTGAATTGGCACG TAAACTGC'TTAfiAA 

GATCAGTGIGAGTCCAA 
TTGGACTCACACTGAT C 

TCTMGCAGTTTACGTGCCAATTCAATTTCTTMCCTATCTCAA 

AGATGGAGATCAGTGTGAGTCCMTCCATGTTTAAATGGCGG 
CAGTTGCAAGGATGACATTAATTCCT ATGAATGTT 

AACATTCATAGGAATTAATGTCATCCTTGCAACTGCCGCCATT 

TAAACATGGATTGGACTCACACTGATCTCCATCTTTGAGATAG 
GTTAAGAAATTGAATTGGCACGT AAACTGCTTAfiA 

ATCAGTGTGAGTCCAAT 
ATTGGACTCACACTGAT 



2482 



2485 



2486 



2489 



2493 



2494 
2495 



ATCAGTGTGAGTCCMTCCATGTTTAAATGGCGGCAGTTGCA 
AGGATGACATTAATTCCTATGAATGTTGGTGTCCCT 

AGGGACACCAACATTCATAGGAATTAATGTCATCCTTGCAACT 

GCCGCCATTTAAACATGGATTGGACTCACACTGATCTCCATCT 
TTGAGATAGGTT AAGAAATTGAATTGGCACGTAAA 

AGTCCMTCCATGTTTA 
TAAACATGGATTGGACT 

ACGTGCCAA f I CMTTTCTTAAUC I A [ CTCAAAGATGGAC. 

TCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAA 
GGATGACATTAATTCCTATGAATGTTGGTGTCCCTT 

AAGGGACACCAACATTCATAGGAATTAATGTCATCCTTGCAAC 

TGCCGCCATTTAAACATfiGATTGGACTCACACTGATCTCCATC 
TTTGAGATAGGTT AAGAAATTGAATTGGCACGTAA 



2497 



2498 
2499 

2OT 



2501 



It 
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Isiitil 




GTCCAATCCATGTTTM 


2502 


TTAAACATGGATTGGAC 


2503 


Haemophilia B 
Pro55Gln 

CCA-CAA 

* 


TTACGTGCCAATTCAATTTCTTAACCTATCTCAMGATGGAGA 
TCAGTGTGAGTCCAATC£ATGTTTAAATGGCGGCAGTTGCAA 

f*f** AT^ A ATT" A A 1 POTATO A A 1 O' 1 1 nATOTOA/^ 1 P 

GGATGACATTMTTCCTATGAATli 1 1 GGTGTCCCTT 


2504 

■ 


AAGGGACACCAACATrCATAGGAATTAATGTCATCCTTGCAAC 
TGCCGCCATTTAAACATfiGATTGGACTCACACTGATCTCCATC 
TTTGAGATAGGTTAAGAAATTGAATTGGCACGTAA 


2505 


GTCCAATCCATGTTTAA 


2506 


TTAAACATGGATTGGAC 


2507 


Haemophilia B 

Pro55Leu 

CCA-CTA 


TTACGTGCCAATTCAATTTCTTAACCTATCTCAAAGATGGAGA 
TCAGTGTGAGTCCMTCCATGTTTAAATGGCGGCAGTTGCAA 
GGATGACATTAATTCCTATGAATGTTGGTGTCCCTT 


2508 


aagggacaccaacattcataggaattaatgtcatccttgcaac 
tgccgccatttaaacatggattggactcacactgatctccatc 
tttgagataggttaagaaattgaattggcacgtaa 


2509 


GTCCAATCCATGTTTAA 


2510 


TTAAACATGGATTGGAC 


2511 


Haemophilia B 

Pro55Ser 

tCCA-TCA 


tttacgtgccaattcaatttcttaacctatctcaaagatggag 
atcagtgtgagtccaatccatgtttaaatggcggcagttgca 
aggatgacattaattcctatgaatgttggtgtccct 


2512 


agggacaccaacattcataggaattaatgtcatccttgcaact 
gccgccatttaaacatggattggactcacactgatctccatct 

•mm*A% A aaa. A «ap a ^a* JBmMap * m A AAA ■IMiA a a ■MASmV mV a*v A .aBv AmAmt AAA 

ttgagataggttaagaaattgaattggcacgtaaa 


2513 


AGTCCAATCCATGTTTA 


2514 


taaacatggattggact 


2515 


Haemophilia B 

Cys56Arg 

aTGT-CGT 


acgtgccaattCaaTttcttaacctatctcaaagatggagatc 
agtgtgagtccaatccaigtttaaatggcggcagttgcaagg 
atgacattaattcctatgaatgttggtgtccctttg 


2516 


caaagggacaccaacattcataggaattaatgtcatccttgca 
actgccgccatttaaacatggattggactcacactgatctcc 
atctttgagataggttaagaaattgaattggcacgt 


2517 


ccaatccatgtttaaat 


2518 


atttaaacatggattgg 


2519 


Haemophilia B 

Cys56Ser 

aTGT-AGT 

• 


acgtgccaattcaatttcttaacctatctcaaagaTggAgatc 
agtgtgagtccaatccatgtttaaatggcggcagttgcaagg 
atgacattaattcctatgaatgttggtgtccctttg 


2520 


caaagggacaccaacattcataggaatraatgtcatccttgca 
actgccgccatttaaacatggattggactcacactgatctcc 

ATCTTTGAGATAGGTTAAGAAATTGAATTGGCACGT 


2521 
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Haemophilia B 
Cys56Ser 
TGT-TCT 



laemophilia B 
Cys56Tyr 
TGT-TAT 



Haemophilia B 
Asn58Lys 
AATg-AAG 



laemophilia B 
Gty59Asp 
GGC-GAC 



laemophilia B 
Gly59Val 
GGC-GTC 



CCAATCCATGTTT AAAT 
ATTTAAACATGGATTGG 



CGTGCCAATTCi 



ittmuctatctcaaagaTggagaTca 



. _' ■ » - o - - ■ 



2522 
2523 



gtgtgagtccmtccatgtttaaatggcggcagttgcaagga 
tgacattaattcctatgaatgttggtgtccctttgg 

ccaaagggacaccmcattcataggmttmtgtcatccttgc 
aactgccgccatttaaacatggattggactcacactgatctcc 

ATCTTTGAGATAGGTT MGAAATTGAATTfifiTAra 



2524 



2525 



2526 
2527 
H2T 



2529 



CAATCCATGTTTAAATG 
CATTTAAACATGGATTG 

G recCAATTUAA 1 1 rCTTMCG I A rCTCAAAGATGGAGATC/ 

GTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGA 
TGACATTAATTCCTATGAATGTTGGTGTCCCTTTGG 

CCAAAGGGACACCAACATTCATAGGAATTAATGTCATCCTTGC 

AACTGCCGCCATTTAAACATGGATTGGACTCACACTGATCTCC 
ATCTTTGAGATAGGTTAAGAAATTGAAT TfflyA^ 

CAATCCATGTTTAAATG 
CATTTAAACATGGA TTG 

ATTCAATTTCTTAACCTATCTCAAAGATGGAGATCAGTGTGAG 1 2532 

TCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA 
ATTCCTATGMTGTTGGTGTCCCTTTGGATTTGAA 

TTCAAATCCAAAGGGACACCAACATTCATAGGAATTAATGTCA I 2533 

TCCTTGCAACTGCCGCCATTTAAACATGGATTGGACTCACACT 
GATCTCCATCTTTGAGATAGGTTAA GAAATTRAAT 

TGTTTAAATGGCGGCAG 



2530 
2531 



CTGCCGCCATTTAAACA 



2534 
2535 



TCM 1 1 TCTTAACC I A I CTCAAaGA I GGAGATCAGTGTGAGTL 

CMTCCATGTTTAMTGGCGGCAGTTGCAAGGATGACATTAAT 
TCCTATGAATGTTGGTGTCCCTTTGGATTTGMGG 

CCTTCAAATCCAAAGGGACACCAACATTCATAGGAATTAATGT 

CATCCTTGCAACTGCCGCCATTTAMCATGGATTGGACTCACA 
CTGATCTCCATCTTTGAGATAGGT TAAGAAATTfiA 

TTTAAATGGCGGCAGTT 
AACTGCCGCCATTTAAA 



CAATTTCTTAAuu I ATCTCAAAGATGGAGATCAGTGTGAGTC 

CAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTAAT 
TCCTATGAATG TTGGTGTCCCTTTGGATTTGAAGQ 

CCTTCAAATCCAAAGGGACACCAACATTCATAGGAATTMTGT 

CATCCTTGCAACTGCCGCCATTTAAACATGGATTGGACTCACA 
CTGATCTCCATCTTTGAGATAGGTTAAPiAAATTrsA 



2536 



2537 



2538 
2539 



2540 



2541 
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mam 




TTTAAATGGCGGCAGTT 


2542 


AACTGCCGCCATTTAAA 


2543 


Haemophilia B 

Giy59Ser 

tGGC-AGC 


TtCAA ITI CTTAACCTATCTCAAAGATGGAGATCAGTGTGAGT 
CCAATCCATGI 1 1 AAATGGCGGCAGTTGCAAGGATGACATTM 
TTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAG 


2544 


CTTCAAATCCAAAGGGACACCAACATTCATAGGAATTAATGTC 
ATCCTTGCAACTGCCGCCATTTAAACATGGATTGGACTCACAC 
TGATCTCCATCTTTGAGATAGGTTAAGAAATTGAA 


2545 


GTTTAAATGGCGGCAGT 


2546 


ACTGCCGCCATTTAAAC 

P * ^■P* P ^pF" ^pr ^pw ~^pr ^r* P • ■ ■ • PP w ^ PJP* 


2547 


Haemophilia B 

Gly60Ser 

cGGC-AGC 


Mil 1 CI lAACCTATCTCAAAGATGGAGATCAGTGTGAGtCCA 

9 if pj * ■ * ^pF ■ ■ ■ w •^p' ^p* ■ * i • ^p* ■ ^*p w iff »^pp# w 9 ^pr ^ppw «*pj^ff l I ^m§ 1 1 %p#v *%p# 1 *4jp*^^j t 

ATCCATGI 1 1 AAATGGCGGCAGTTGCAAGGATGACATTAATTC 
CTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAA 


2548 


TTCCTTCAAATCCAAAG- 3ACACCAACATTCATAGGAATTAAT 

GTCATCCTTGCAACTGCCGCCAnTAAACATGGATTGGACTCA 

CACTGATCTCCATCTTTGAGATAGGTTAAGAAATT 


2549 


TAAATGGCGGCAGTTGC 


2550 


GCAACTGCCGCCATTTA 


2551 


Haemophilia B 

Gly60Cys 

cGGC-TGC 


MTTTCTTAACCTATCTCAAAGATGGAGATCAGTGTGAGTCCA 

ATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTAATTC 
CTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAA 


2552 


TTCCTTCAAATCCAAAGGGACACCAACATTCATAGGAATTAAT 

GTCATCCTTGCAACTGCCGCCATTrAAACATGGATTGGACTCA 

CACTGATCTCCATCTTTGAGATAGGTTAAGAAATT 


2553 


TAAATGGCGGCAGTTGC 


2554 


GCAACTGCCGCCATTTA 

^B#%pF* W 1 ^p*^p^^* ^ffP"«r^ffF# 1 • 1 IV* 


2555 


Haemophilia B 

Gly60Asp 

GGC-GAC 


At net i aacctatctcaaagatggagatcagtgtgagtCcAa 

TCCATGTTTAMTGGCGGCAGTTGCAAGGATGACATTAATTCC 
TATGAATGTTGGTGTCCCTTTGGATTTGAAGGAM 


2556 


TTTCCTTCAAATCCAAAGGGACACCAACATTCATAGGAATTAA 

TGTCATCCTTGCAACTGCCGCCATTTAAACATGGATTGGACTC 

ACACTGATCTCCATCTTTGAGATAGGTTAAGAAAT 


7557 


AAATGGCGGCAGTTGCA 


2558 


TGCAACTGCCGCCATTT 

V ^a^* pf * ^P* P ^p^^p^f ^pr ^pr ^pr« p ■ ■ ■ 


2559 


Haemophilia B 

Gly60Arg 

cGGC-CGC 


Ml 1 1 ci iaacctatctcaaagatggagatcagtGtgagTcCa 

ATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTAATTC 
CTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAA 


2560 


TTCCTTCAAATCCAAAGGGACACCAACATTCATAGGAATTAAT 

GTCATCCTTGCAACTGCCGCCATTTAAACATGGATTGGACTCA 

CACTGATCTCCATCTTTGAGATAGGTTAAGAAATT 


2561 



WO 01/73002 ' ,„ 

PCT/US01/09761 
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Haemophiiia B 

Cys62Tyr 

TGC-TAC 



Haemophilia B 
Cys62Ser 
TGC-TCC 



Haemophilia B 
Cys62Term 
TGCa-TGA 



laemophiha B 
Asp64Glu 
GATg-GAG 



Haemophilia B 
Asp64Giy 
GAT-GGT 



TAAATGGCGGCAGTTGC 
GCMCTGCCGCCATTTA 



2562 
2563 



2566 
2567 



TAAUU rATCTCAAAGAI GGAGATCAGI G I GAGTCCMTCC~ATC 

TTTAMTGGCGGCAGTTGCAAGGATGACATTAATTCCTATGAA 
TGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTG 

^^J^^^^^^^^^^^^^^MCKn^fA^ 2565 

AATTAATGTCATCCTTGCAACTGCCGCCATTTAAACATGGA7T 
GGACTCACACTGATCTCCATCTTTGAfiA TAfimrA 

CGGCAGTTGCAAGGATG 
CATCCTTGCAACTGCCG 

TTTA^oI^ bA ' UUAyAT CAGl G I GAG rcCAATCCATGl2568" 
TTTAAATGGCGGCAGTTGCMGGATGACATTAATTCCTATGAA 
TG1TGGTGTC CCTTTGGATTTGAAGGAAAGAACTG 

CAGi iui i lUUI I CAAATCCAAAGGGACACCAACATTCATAGG 1 2569 

AATTAATGTCATCCnGCAACTGCCGCCATrTAAACATGGAn 
GGACTCACACTGATCTCCATCnTGAGA TAnfiTTA 

CGGCAGTTGCAAGGATG 
UATCCTTGCAA CTGCCG 

MCCTATCTCAAAGATGGAGATCAGTGTGAGTCCAATCCATGT 

TTAAATGGCGGCAGTTGCAAGGATGACATTAATTCCTATGAAT 
GTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGT 

1 ™ UC ' TCAAATC CAAAGGGACACCAACATTCATAG 1 2573 

GMnAATGTCATCCTTGCAACTGCCGCCATTTAAACATGGAT 
TGGACTCACACT GATCTCCATCTTT GAGATA^rr 

GGCAGTTGCAAGGATGA 
TCATCCTTGCAACTGCC 



2570 
257? 
2572 



i U I UAAAGATGGAGA I CAGTGTGAb I CCAA I CCATGTTTAAAT" 

GGCGGCAGTTGCAAGGATGACATTAATTCCTATGMTGTTGG 
TGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTA 

TAATTCACAGTTCTTTCCTTCAAATCCAAAGGGACACCAACAT 



TCATAGGAATTAATGTCATCCTTGCAACTGCCGCCATTTAAAC 
ATGGATTGGACTCACACTGATCTCCA TCTTTfiAfiA 

TGCAAGGATG ACATTAA 
rTAATGTCATCCTTGCA 

™!^ 6ATGyAUA7C;AGTGTGAG ' ' CCAA / CCATGTTTAAA 
TGGCGGCAGTTGCAAGGATGACATTAATTCCTATGAATGTTG 
GTGTCCCTTT GGATTTGAAGfiAAAGAACTGTGAATT 

AATTCACAGTTCTTTCCTTCAAATCCAAAGGGACACCAACATT 

CATAGGAATTAATGTCAICCTTGCAACTGCCGCCATTTAAACA 
TGGAnGGACTCACACTGATnTnrATrTTT^A^A T 



2574 
2575 



2577 



2578 
2579 



25W 
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TTGCAAGGATGACATTA 


2582 


TAATGTCATCCTTGCAA 


2583 


Haemophilia B 

Asp64Asn 

gGAT-MT 


TATCTCAAAGATGGAGATCAGTGTGAGTCCAA I CCA I G 1 1 IAA 
ATGGCGGCAGTTGCAAGGATGACATTMTTCCTATGAATGTTG 
GTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAAT 


2584 


ATTCACAGTTCTTTCCTTCAAATCCAAAGGGACACCAACATTC 
ATAGGAATTAATGTCATCCTTGCAACTGCCGCCATTTAAACAT 
GGATTGGACTCACACTGATCTCCATCTTTGAGATA 


2585 


GTTGCAAGGATGACATT 


2586 


AATGTCATCCTTGCMC 

§ 9M \ 9 9t9W ■ 9^9W9 ■ ■ ^^_^9W ■ ■ W 9^9* 


2587 


Haemophilia B 

He66Ser 

ATT-AGT 

* 


MGATGG^GATCAGTgTGAGTCCAATCCAIGI I IAAAIGGCG 

GCAGTTGCAAGGATGACATTAATTCCTATGMTGTTGGTGTCC 

CTTTGGATTTGAAGGAMGAACTGTGAATTAGGTAA 


2588 


TTACCTAATTCACAGTTCTTTCCTTCAAATCCAAAGGGACACC 
MCATTCATAGGAATTAATGTCATCCTTGCAACTGCCGCCATT 
TAAACATGGATTGGACTCACACTGATCTCCATCTT 


2589 


GGATGACATTAATTCCT 


2590 


AGGAATTAATGTCATCC 


2591 


Haemophilia B 

He66Thr 

ATT-ACT 


AAGATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCG 

GCAGTTGCAAGGATGACAJTAATTCCTATGAATGTTGGTGTCC 

CTTTGGATTTGAAGGAAAGAACTGTGAATTAGGTAA 


2592 


TTACCTAATTCACAGTTCTTTCCTTCAAATCCAAAGGGACACC 
AACATTCATAGGAATTAATGTCATCCTTGCMCTGCCGCCATT 
TAAACATGGATTGGACTCACACTGATCTCCATCTT 


2593 


GGATGACATTAATTCCT 


2594 


AGGAATTAATGTCATCC 


2595 


Haemophilia B 

Asn67Lys 

AATt-AAA 


TGGAGATCAGTGTGAGTCCAATCCAT G 1 1 lAAAIGGCGGCAG 
nGCMGGATGACATTAATTCCTATGAATGTTGGTGTCCCTTT 
GGATTTGAAGGAAAGAACTGTGAATTAGGTAAGTAA 


2596 


TTACTTACCTAATTCACAGTTCTTTCCTTCAAATCCAAAGGGAC 
ACCAACATTCATAGGAATTAATGTCATCCTTGCAACTGCCGCC 
ATTTAAACATGGATTGGACTCACACTGATCTCCA 


2597 


GACATTAATTCCTATGA 


2598 


TCATAGGAATTAATGTC 


2599 


Haemophilia B 

Tyr69Cys 

TAT-TGT 


ATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCA 
AGGATGACATTMTTCCTATGMTGTTGGTGTCCCTTTGGATT 
TGAAGGAAAGAACTGTGMTTAGGTAAGTAACTATT 


26O0 


AATAGnACTTACCTAATTCACAGTTCTrTCCTTCAAATCCAAA 
GGGACACCAACATTCATAGGAATTAATGTCATCCTTGCMCTG 
CCGCCATTTAAACATGGATTGGACTCACACTGAT 


2601 



c 
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laemophilia B 
Cys71Term 
TGTt-TGA 



laemophilia B 
Cys71Ser 
TGT-TCT 



Haemophilia B 
Cys71Tyr 
TGT-TAT 



Haemophilia B 
Cys71Ser 
aTGT-AGT 



laemophilia B 
Tro72Arg 

tTGG-AGG 



TAATTCCTATGAATGTT 
AACATTCATAGGAATTA 

UUAA [ CCATGTTTAAA I GGCGGCAGT rGCAAGGATGA 
CATTAATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGA 
AAGAACTGTGAATTAGGTAAGTAACTATTTTTTGAA 

TTCAAAAMTAGTTACTTACCTAATTCACAGTTCTTTCCTTCAA 
ATCCAAAGGGACACCAACATTCATAGGAATTAATGTCATCCn 
GCAACTGCCGCCATTTAAACATGGATTGGACTCA 
TATGAATGTTGGTGTCC 

GGACACCAACATTCATA 

GAGTCCAA I CCATGTTTAAATGGCGGCAGTTGCAAGGATG 
ACATTMTTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGG 
AAAGAACTGTGAATTAGGTAAGTAACTATTTTTTGA 

TCAAAAAATAGTTAGTTACCTAATTCACAGTTCTTTCCTTCAAA 
TCCAAAGGGACACCAACATTCATAGGAATTAATGTCATCCTTG 
CAACTGCCGCCATTTAAACATGGATTGGACTCA C 
CTATGAATGTTGGTGTC 

GACACCAACATTCATA G 

GTGAGTCCMTCCATGTTTAAATGGCGGCAGTTGCAAGGATG 

ACATTMTTCCTATGMTGJTGGTGTCCCTTTGGATTTGAAGG 

AAAGAACTGTGAATTAGGTAAGTAACTATTTTTTGA 

TCAAAAAATAGTT ACTTACCTAATTCACAGTTCT7TCCTTCAAA 

TCCAAAGGGACACCAACAtTCATAGGAATTAATGTCATCCTTG 
CMCTGCCGCCATTTAAACATGGATTGGACTCAC 
CTATGAATGTTGGTGTC " 

GACACCAACATTCATAG 



2602 
2603 



2604 



2605 



2606 
2607 



. C3TGAGTCCAA rcCATGTTTAAAl GGCGGCAGTTGCAAGGAT" 

GACATTAATTCCTATGAAIGTTGGTGTCCCTTTGGATTTGAAG 
GAMGMCTGTGMnAGGTMGTMCTATTTTTTG 

CAAAAMTAGTTACTTACCTAAnCACAGTTCTTTCCTTCAAAT 

CCAAAGGGACACCAACATTCATAGGMTTAATGTCATCCTTGC 
AACTGCCGC C ATTTAAAC ATGGATTG GACTC ACA 

CCTATGAAIGTTGGTGT ~ 
ACACCAACATTCATAGG 



2608 



2609 



2613 



2614 
2615 



GAGTCCAATCUA I (i 1 1 1 AAA I GGCGGCAGTTGCAAGGATGAI 

ATTMTTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAA 
AGMCTGTGMTTAGGTMGTAACTATTTTTTGAAT 



2616 



2617 



2618 
2619 



ATTCAAAAAATAGTTACTTACCTAATTCACAGTTCTTTCCTTCA 

AATCCAAAGGGACACCAACATTCATAGGAATTAATGTCATCCT 
TGCAACTGCCGCCATTTAAACATGGATTGGACTC 



2620 



2621 



r 

WO 01/73002 







Bl 




ATGAATGTTGGTGTCCC 


f 2622 




GGGACACCAACATTCAT 2623 


HaemoDhilia B 

Trp72Term 

TGGt-TGA 


GTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACAT 
TMTTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAG 
AACTGTGAATTAGGTAAGTAACT ATnTTTGAATAC 


2624 




GTATTCAAAAMTAGTTACTTACCTAATTCACAGTTCTTTCCTT 
CAAATCCAAAGGGACACCAACATTCATAGGAATTAATGTCATC 

PTTf^P A A PT/^PPf^PP A TTT A A A^AT^P A Tmr* A 


2625 


» 


GAATGTTGGTGTCCCTT 


2626 




AAGGGACACCAACATTC 


2627 


HaemoDhilia B 

Cys73Tyr 

TGT-TAT 


ccaatccatgtttaaatggcggcagttgCaaGgatgacattaA 
ttcctatgaatgttggtgtccctttggatttgaaggaaagaac 

TGTGAATTAGGTAAGTAACTATTTTTTGAATACTC 


2628 




GAGTATTCAAAAAATAGTTACTTACCTAATTCACAGTTCTTTCC 
TTCAAATCCAAAGGGACACCAACATTCATAGGAATTAATGTCA 


2629 




ATGTTGGTGTCCCm G 


2630 




CAAAGGGACACCAACAT 


2631 


HaemoDhilia B 

1 lOwl 1 lwk/1 llllu LJ 

Cys73Arg 
gTGT-CGT 


TCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTA 
ATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAA 
CTGTGAATTAGGTAAGTAACTATmTTGAATACT 


2632 

• 




AGTATTCAAAAAATAGTTACTTACCTAATTCACAGTTCTTTCCT 
TCAAATCCAAAGGGACACCAACATTCATAGGAATTAATGTCAT 

firTTftnAAPTftPPftPPATTTAAAPATf^ATT/iPA ■ 


2633 




AATGTTGGTGTCCCTTT 


2634 




AAAGGGACACCAACATT 


2635 


HaemoDhilia 6 

Cys73Phe 

TGT-TTT 


CCAATCCATGITTAAATGGCGGCAGlTGCAAGGATGACATrAA 
TTCCTATGMTGTTGGTGTCCCT7TGGATTTGAAGGAAAGAAC 
TGTGAATTAGGTAAGTAACTATTTT7TGAATACTC 


2636 




GAGT ATTCAAAAAATAGTTACTTACCTAATTCACAGTTCT7TCC 
7TCAAATCCAAAGGGACACCAACATTCATAGGAATTAATGTCA 
TCCTTGCAACTGCCGCCATTTAAACATGGATTGG 


2637 




ATGTTGGTGTCCCTTTG 


2638 




CAAAGGGACACCAACAT 


2639 


Haemophilia B 

Cys73Term 

TGTc-TGA 


caatccatgtttaaatggcggcaGttgcaaggatgacatTaat 
tcctatgmtgttggtgtccctttggatttgaaggaaagaact 
gtgaatraggtaagtaactatttntgaatactca 


2640 




TGAGTATTCAAAAMTAGTTACTTACCTAATTCACAGTTCTTTC 
CTTCAAATCCAAAGGGACACCAACATTCATAGGAATTAATGTC 
ATCCTTGCAACTGCCGCCATTTAAACATGGATTG 


2641 




TGTTGGTGTCCCTTTGG 


2642 



( 
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Itzu 



IIP 



.;-■;•:•:■.•>::-»>:%* 



laemophiJia B 
Gly76Val 
GGA-GTA 



laemophilia B 
Gly76Arg 

tGGA-AGA 



Haemophilia B 

Phe77Cys 

TTT-TGT 



laemophilia B 
Phe77Ser 
TTT-TCT 



Haemophilia B 
Phe77Tyr 
TTT-TAT 




CCAAAGGGACACCAACA 



bl 1 1 AAATGGCGGCAGTTGCAAGGA I GACA I rMTTCCTATGA" 

ATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGMTTA 
GGTAAGT AACTATTTTTTGAATACTCATGGTTCAA 

TrGAACCATGAGTATTCAAAAAATAGTTACTrACCTAATTCACA - 

G7TCTTTCCTTCAAATCCAAAGGGACACCAACATTCATAGGAA 
TTAATGTCATCCTTGCAACTGCCGCCAT TTAAAr 

TCCCTTTGGATTTGAAG 



>>\\v 



2645 



cttcaaatccaaaggga 

01 rtaaatgmjuciuagttgcmggatgacati aattcctatg 
aatgttggtgtcc ctttggatttgaaggaaagaactgtgaatt 
aggt aagtaactattttttgaatactcatggttca 
tgaaccatgagtattcaaaaaatagtt acttacctaattcacag 

TTCTTTCCTTCAAATCCAAAGGGACACCAACA1TCATAGGAAT 
TAATGTCAT CCTTGCAACTGnnftrrATTTAAA r^ 

GTCCCTTTGGATTTGAA 
TTCAAATCCAAAGGGAC 

^laGUGGCAGTTGCMGGAT GACAl iMl ICCTATGAATG 
MGGTGTC CCTTTG GATTTGAAGGAAAGAACTGTGAATTAGGT 
AAGT AACTAT7TTTTGAATACTCATGGTTCAAAGT 

ACTnGMCCATGAGTATTCAAAAAATAGnACTTACCTAAnC 

ACAGTTCTTTCCTTCAAATCCAAAGGGACACCAACATTCATAG 
GMTTAATGTCATCCTTGCAACTGCC G^ATTTA 

CTTTGGATTTGAAGGAA 
TTCCTTCAAATCCAAAG 

„ ^WUUGCAGTTGCAAGGATGACAl IAAI ICCTATGAATG 
mGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAGCT 
MGTMCTATTTTTTGAATACTCATGGTTCAAAGT 

ACTTTGAACCATGAGTATTCAAAAAATAGTT acttacctaattc 

ACAGTrCTTTCCTrCAAATCCAAAGGGACACCAACAnCATAG 
GMTTAATGTCATCCTTGCAACTGCC G^ATtta 

ctttggatttgaaggm 
ttccttcaaatcc aaag 

taaatggcggcagttgcaaggatgacattmttcctatgaatg 

nggtgtccctttggatttgaaggaaagaactgtgaattaggt 
aagtaactai mil igaatactcatggttcamgt 

ACTTTGMCCATC^GTATTCAAAAAATAGTTACTTACCTAATTC 

ACAGTTCTTTCCTTCAAATCCAAAGGGACACCAACATTCATAG 
GAATTMTGTCATCCTTGCAACT GCCGnnATTTA 

CTTTGGATTTGAAGGAA 



2646 



2647 



2M 



2649 



2650 
2651 



2653 



2654 
265? 

in? 



2658 
2659 
2660 



2661 



2662 



J* 

r ( 
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TTCCTTCAAATCCAAAG 


2663 


Haemophilia B 
Glu78Lys 

40AA AAA 

HiAA-AAA 

* 


AATGGCGGCAGTTGCAAGGATGACATTAATTCCTATGMTGTT 
GGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAGGTAA 

CTA APT ATTTTTTft A AT APTP ATfifTTTP A A ACT 1 T 
0 1 AAU 1 A 1 1 M 1 1 UAA 1 AU 1 UA 1 Ub 1 1 V/AAAlj 1 1 1 


2664 


AAACTTTGAACCATGAGTATTCAAAAAATAGTTACTTACCTAAT 
TCACAGTTCTTTCCTTCAAATCCAAAGGGACACCAACATTCAT 

A AAA AIT* A TA PAi TA A*l 1 A A A A AT AAA AAA A TT 

AGGAATTMTGTCATCCTTGCMCTGCCGCCATT 


2665 


TTGGATTTGAAGGAAAG 


2666 


CTTTCCTTCAAATCCAA 


2667 


Haemophilia B 
Gly79Val 

a a A OTA 


GCGGCAGTTGCAAGGATGACATTAATTCCTATGAATGTTGGT 

GTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAGGTAAGTA 
a pta rnnrn cih at aptp ATooTTr^A a a oi i ipoot 

AOIAI 1 1 II 1 b/v\l AO 1 uAI ob 1 lOAAAval 1 101/01 


2668 


AGGGAMCTTTGAACCATGAGTATTCAAAAAATAGTTACTTAC 
CTAATTCACAGTTCTTTCCTTCAAATCCAAAGGGACACCAACA 

TTA *t a A A A ATT A AT^TAATAAl TOA A A AT^AAP^ 

TTCATAGGMTTMTGTCATCCTTGCAACTGCCGC 


2669 


ATTTGAAGGAAAGAACT 


2670 


AGTTCTTTCCTTCAAAT 


2671 


Haemophilia B 
Gly79Arg 

A A A AAA 

aGGA-AGA 


GGCGGCAGTTGCAAGGATGACATTMTTCCTATGAATGTTGG 
TGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAGGTAAGT 

AACTA) 1 1 1 1 luAATAlTTCATGoTTC/AAAbn ILLU 


2672 


GGGAAACTTTGAACCATGAGTATTCAAAAAATAGTTACTTACC 
TMTTCACAGTTCTTTCCTTCAAATCCAAAGGGACACCAACAT 

TA ATA A A A A T^T* A A TATA A TAA 1" r A A A A ATA A A A 1 A A 

TCATAGGMTTMTGTCATCCTTGCAACTGCCGCC 


2673 


GATTTGAAGGAAAGAAC 


2674 


GTTCTTTCCTT CAAATC 


2675 


Haemophilia B 
Gly79Glu 

AA» OA A 

GGA-GAA 


GCGGCAGTTGCAAGGATGACATTAATTCCTATGAATGTTGGT 
GTCCCTTTGGATTTGMGGAAAGAACTGTGAATTAGGTAAGTA 

A A^T A 1 1 1 1 1 1 f^'A ATA/*"!"/"* ATPPTTP AAA f» 1 1 1 (*r*CT 

AulAl Mil IliAAl AOILAIljol ILAAAbl 1 IUUUI 


2676 


AGGGAAACTTTGAACCATGAGTATTCAAAAAATAGTTACTTAC 
CTMTTCACAGTTCTTTCCTTCAAATCCaAAGGGACACCAACA 

T'TA ATAAA A ATT A ATATA ATAATTAA A AOTPO^PP 

iTCATAGGAATTMTGTCATCCTTGCAACTGCCGC 


?677 


ATTTGAAGGAAAGAACT 


2678 


AGTTCTTTCCTTCAAAT 


2679 


Haemophilia B 

Cys88Ser 

TGT-TCT 


ttagaaatgcatgttaaatgatgctgttactgtcl at 11 igci \ 
ct 1 71 agatgtaacatgtaacattaagaatggcagatgcgagc 
agttttgtaaaaataGtgctgataacaaggtggt 


2680 


ACCACCTTGTTATCAGCACT ATTTTTACAAAACTGCTCGCATC 

TGCCATTCTTAATGnACATGTTACATCTAAAAGAAGCAAAATA 

GACAGTAACAGCATCATTTAACATGCATTTCTAA 


2681 


TGTAACATGTAACATTA 


2682 



( { 
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Haemophilia B 
Cys88Phe 
TGT-TTT 



Haemophilia B 
Cys88Arg 
aTGT-CGT 



laemophilia B 
Cys88Tyr 
TGT-TAT 



laemophilia B 
He90Thr 
ATT-ACT 



Haemophilia 
Asn92His 
gAAT-CAT 



Tl AbAAATGCA I GTTAAATGATGc lb 1 1 AC I b i C I A 1 1 1 IGCTT 

CTTTTAGATGTAACATGTAACATTAAGAATGGCAGATGCGAGC 

AGTTTTGTAAAAATAGTGCTGATAACAAGGTGGT 

ACCACCTTGTT ATCAGCACTATT 1 1 1 ACAAAACTGCTCGCATC 
TGCCATTCTrMTGTTACATGTT ACATCTAAAAGAAGCAAAATA 
GACAGTAACAGCATCATTTAACATGC ATTTnTAA 
TGTAACATGTAACATTA 

TAATGTTAC ATGTTACA 

TTTAGAAATGCATGTTAAATGATGCTGTTACTGTCTAmTGCT 
TCTTTTAGATGTAACAIGTAACATTAAGAATGGCAGATGCGAG 

CAGTTTTGTAAAAATAGTGCTGATAACAAGGTGG 

CCACCTTGTTATCAGCACTATm I ACAAAACTGCTCGCATCT 

GCCATTCTTAATGTTACATGTTACATCTAAAAGAAGCAAAATA 
GACAGTAACAGCATCATTTAACAT GCATTTCTAAA 

ATGTAACATGTAACATT 
MTGTTACATGTTACAT 



2690 



Tl AbAAATGCA I b TTAAATGATbC I b I lACIblCIAI 1 1 IGC" 

CTTTTAGATGTAACATGTAACATTAAGAATGGCAGATGCGAGC 
AGTTTTGT AAAAATAGTGCTGATAACAAGGTGGT 

ACCACCTTGTTATCAGCACTATn 1 1 ACAAAACTGCTCGCATC 

TGCCATTCTTAATGTTACATGTTACATCTAAAAGAAGCAAAATA 
GACAGTAACAGCATCATTTAACATG CATTTCTAA 

TGTAACATGTMCATTA 
TAATGTTACATGTTACA 

A I bCATGTTAAA I bA rbCTGTTAC I b I C I A I 1 1 IbCI ICI 1 1 IA 

GATGT MCATGTMCATTMGMTGGCAGATGCGAGCAGTm 
GTAAAAATAGTGCTGATAACAAGGTGGTTTGCTC 



2692 



2693 



GAGCAMCCACCnTGnATCAGCACTATTTTTACAAAACTGCT 

CGCATCTGCCATTCTTAATGTTACATGTTACATCTAAAAGAAG 
CAAAATAGACAGTAACAGCATCATTTAACATGCAT 
ATGTAACATTAAGAATG " 

CATTCTTAATGTTACAT 

I b 1 1 AAATGATGC I bTTACTGTCTAI 1 1 1 GUI ICI 1 1 1 AGATGT 
AACATGT AACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAA 
AATAGTGCTGATAACAAGGTGGTTTGCTCCTGTA 

TACAGGAGCAMCCACCTTGTTATCAGCACTATTTnA^MM" 

CTGCTCGCATCTGCCATTCTTAATGTTACATGTTACATCTAAAA 
GMGCAAAATAGACAGTAACAGCATnATTTAAPA 



2697 



2698 
2699 



2701 
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TCTGCCA7TCTTAATGT 


2703 


Haemophilia B 
Asn92lys 

A AT#i AAA 

AAlg-AAA 


TTAAATGATGCTGTTACTGTCTAT I n GCTT CtTTTAGATGTAA 
CATGTAACATTMGAAIGGCAGATGCGAGCAGT7TTGTAAAAA 

TAPTPrT^ATAAPAAC/yTC/Sl 1 \ flf^Tf^rTlTr ACT 
1 AVj 1 v?U 1 uA 1 AAOAAvjo 1 bo 1 1 1 oU 1 UO 1 o 1 AU 1 


2704 


AGTACAGGAGCAAACCACCTTGTTATCAGCACTATTTrrACAA 
AACTGCTCGCATCTGCCATTCTTAATGTTACATGTTACATCTA 

a 4 AS* A A^V*A A A ATTA/^A/^A/^TA A/^A^V^ATV^ATTTTA A 

AMGAAGCAAAATAGACAGTAACAGCATCAl 1 IAA 


2705 


ATTAAGAATGGCAGATG 


2706 


CATCTGCCATTCTTAAT 


2707 


Haemophilia B 
Gly93Asp 

boU-liAL 

• 


AAATGATGCTGl tACtGTCTAt m GCrrCTTTrAGATGTAACA 
TGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATA 

o 1 1 bA 1 AAOAAob 1 bo 1 1 IbLI UUlol ALloA 


2708 


TCAGTACAGGAGCAMCCACCTTGTTATCAGCACTATmTAC 
AAAACTGCTCGCATCTGCCATTCTTAATGTTACATGTTACATCT 

A A A A A A A /"*A A A A ATAAA AA ATA AAA A A ATA ATTT 

AAAAGAAGCAAAATAGACAGTAACAGCATCAl 1 1 


2709 


TAAGAATGGCAGATGCG 


2710 


CGCATCTGC.CATTCTTA 


2711 


Haemophilia B 

Gly93Ser 

tGGC-AGC 


TAMTGATGCTGnACTGTCTATTTTGCTTCTTTTAGATGTAAC 
ATGTMCATTMGMTGGCAGATGCGAGCAGTTTTGTAAAAAT 
AGTGCTGATAACAAGGTGGTTTGCTCCTGTACTG 


2712 


CAGTACAGGAGCAMCCACCTTGTTATCAGCACTATTT7TACA 
AAACTGCTCGCATCTGCCATTCTTAATGTTACATGTTACATCTA 

AAA ^> A A /"NO A A A A T A /*> A A Al 1 A A ^\ A /"\ AT^% A A 

AAAGAAGCAAAATAGACAGTAACAGCATCATTTA 


2713 


TTAAGAATGGCAGATGC 


2714 


GCATCTGCCATTCTTAA 


2715 


Haemophilia B 
Arg94Ser 

APA* A/"*T 

AoAt-Aol 


GATGCTGTTACTGTCTATTTTGCTTCTTTTAGATGTAACATGTA 
ACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGC 

1 GA 1 AAOAAGb luGI 1 TGO 1 L»L 1 G 1 AuTGAGGGA 


2716 


TCCCTCAGT ACAGGAGCAAACCACCTT GTTATCAGCACTATTT 
TTACAAAACTGCTCGCATCTGCCATTCTTAATGTTACATGTTAC 

A TAT A A A A A A A AAA A A A T A A A A A AT A A A A AA ATA 

ATCTAAAAGAAGCAAAATAGACAGTAACAGCATC 


2717 


AATGGCAGATGCGAGCA 


2718 


TGCTCGCATCTGCCATT 


2719 


Haemophilia B 

Cys95Tyr 

TGC-TAC 


TGCTGTTACTG I C 1 A 1 1 1 IGCI ICI 1 1 1 AGA 1 G 1 AAC ATGT AAC 
AnAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTG 
ATAACAAGGTGGTTTGCTCCTGTACTGAGGGATA 


2720 


TATCCCTCAGTACAGGAGCAAACCACCTTGTTATCAGCACTAT 
1 1 1 1 ACAAAACTGCTCGCATCTGCCATTCTTAATGTT ACATGTT 
ACATCTAAAAGAAGCAAAATAGACAGTAACAGCA 


2721 


TGGCAGATGCGAGCAGT 


2722 



(... r 
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Haemophilia B 
Cys95Trp 
TGCg-TGG 



laemophilia B 
Cys95Term 
TGCg-TGA 



Haemophilia B 

Gln97Pro 

CAG-CCG 



Haemophilia B 
Gln97Glu 
gCAG-GAG 



laemophilia B 
Cys99Arg 
fTGT-CGT 



ACTGCTCGC.ATCTGCCA 
CiCTGTTACTGTC I A 1 1 1 1 GUI ICI 1 1 IAGATGTAACATGTAACA 

ttaagaatggcagatgcgagcagttttgtaaaaatagtgctga 
taacaaggtggtttgctcctgtactgagggatat 

a7atccctcagtacaggagcaaaccaccttgttatcagcacta 

tttttacaamctgctcgcatctgccattcttaatgttacatgt 
tacatctaaaagaagcaaaa tagacagtaacagc 

ggcagatgcgagcagtt 



||j 
2723 



2725 



AACTGCTCGCATCTGCC 



GCTGTTACTG'I C I A I 1 1 IGCTICI 1 1 IAGATGTAACATGTAACA 

nMGMTGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGA 
TAACAAGGTGGTTTGCTCCTGTACTGAGGGATAT 

ATATC CCTCAGTACAGGAGCAAACCACCTTGTTATCAGCACTA 

TTrnACAAAACTGCTCgCATCTGCCATTCTTAATGTTACATGT 
TACATCTAAAAGAAGCAAAATA GACAGTAACAGC 

GGCAGATGCGAGCAGTT 
AACTGCTCGCATCTGCC 



IAUGIUAI 1 1 1 (jC 1 1 CI 1 1 IAGATGTAACATGTAACATTAAG 
AATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATAACA 
AGGTGGTTTGCTCCTGTACTGAGGGATATCGACT 

AGTCG ATATCC CTCAGTACAGGAGCAAACCACCTTGTTATCA 

GCACTATTTTTACAAAACTGCTCGCATCTGCCATTCTTMTGTT 
ACATGTTACATCTAAAAGAAGCAAAATARA nAfrrA 

ATGCGAGCAGTTTTGTA 
TACAAAACTGCTCGCAT 



2726 
2727 
HE 



2729 



2730 
2731 



ACIGIClAl 1 1 1 GUI It' 1 1 1 1 AGATGTAACATGTAACATTAA 

GMTGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATAAC 
AAGGTGGTTTGCTCCTGTACTGAGGGATATCGAC 

GTCG ATATCC CTCAGTACAGGAGCAAACCACCTTGTTATCAG 

CACTATTTTTACAAMCTGCTCGCATCTGCCATTCTTAATGTTA 
CATGTT ACATCTAAAAGAAGCAAAATAGACAGTAA 

GATGCGAGCAGTTTTGT 

ACAAMCTGCTCGCATC 

IUAI 1 1 IGCI ICI 1 1 1 AGA I GTAACATGTAACATTAAGAATGG 
CAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATAACAAGGTG 
GTTTGCTCCTGT ACTGAGGGATATCGACTTGCAG 

CTGCAAGTCG ATATCC CTCAGTACAGGAGCAAACCACCTTGT 

TATCAGCACTATTrTTACAAAACTGCTCGCATCTGCCATTCTT 
AATGTTACATGTTACATCTAAAAGAAGCAAAATAGA 



2732 



2733 



2734 
2735 



"2756" 



2737 



2738 
2739 



AGCAGTTTTGTAAAAAT 



2741 



2742 



r c 
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still 




ATTTTTACAAAACTGCT 


2743 


Haemophilia B 
Cys99Tyr 

TGT-TAT 


CTATmGCnCTTTTAGATGTAACATGTAACATTAAGMTGGC 
AGATGCGAGCAGTTTTGTAAAAATAGTGCTGATAACAAGGTG 

CTTTftrTnnTfiTAPTttAfififSATATPftArTTftPAftA 

will ww 1 ww 1 w 1 Mw 1 vJAVJUOrt 1 r\ 1 uunU 1 1 Ounyn 


2744 


TCTGCAAGTCGATATCCCTCAGTACAGGAGCAMCCACCTTG 
TTATCAGCACTAI 1 1 1 1 ACAAAACTGCTCGCATCTGCCATTCTT 

A ATfTTTAP AT(TTTAP ATPT A A A Afl A Af^P A A A AT AP 
MHIol IMUAIol 1 AL/A 1 U 1 AAAAoAAoU AAAA 1 Ab 


2745 


GCAGTTTTGTAAAAATA 


2746 


lAIIIIIACAAAACIGC 


2747 


Warfarin sensitivity 
Ala(-10)Thr 


1 1 1 1 1 1 GC 1 AAAACTAAAGAATI A 1 ICI 1 1 IACAI riCAGTTTTT 
CTTGATCATGAAAACfiCCAACAAAATTCTGAATCGGCCAAAGA 

ftftT AT A ATTP A ClCZTA A ATTf^C A A ft A CTTTftTTP 
OO 1 M 1 MM 1 1 L»Moo 1 MMM 1 1 O oAMoMo 1 II O 1 1 O 


2748 


GMCAAACTCTTCCMTTTACCTGAATTATACCTCTTTGGCCG 
ATTC AGAATTTTGTTGG£G 1 1 1 1 CATGATCAAGAAAAACTGAAA 

Tf*T A A A A /"> A ATTA ATTA1 n A/*»T 1 lTAA/%< A A A A A 

TGTAAAAGAATAATTCl 1 lAbl 1 1 lAGCAAAAAA 


2749 


ATGAAAACGCCAACAAA 


2750 


TTTGTTGGCGTTTTCAT 


2751 


Warfarin sensitivity 
AJa(-10)Val 

/^pp ctp 


1 1 1 1 1 GC 1 AAMCTAMGMT1 ATTCTTnACATTTCAGTTTTTC 
TTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAG 

/TTATA ATTP AftPT A A ATTPP A APAPI 1 IPTTPA 
olAIAAl ILrAoolAAAl looAAoAol 1 lol IOA 


2752 


TGAACAAACTCTTCCAATTTACCTGAATTATACCTC7TTGGCC 
GATTCAGAA 1 1 1 1 GTTGGCGTTTTCATGATCAAGAAAAACTGA 

AA 1 b 1 AAAAGAA 1 AA IT C 1 1 1 AG 1 1 1 1 AGCAAAAA 


2753 


TGAAAACGCCAACAAAA 


2754 


TTTTGTTGGCGTTTTCA 


2755 


Haemophilia B 
Gly(-26)Va) 

■ 


tgcagcgcgtgaacatgatcatggcagaatcaccaggcctCa 
tcaccatctgccttttaggatatctactcagtgctgaatgtac 

AftfiTI \C±\\ IPPI MIMA A A ATAPATTPAftTATPP 
nbol Moll IL»UI MM IAAAAIAUAI loAolAlow 


2756 


GCATACTCMTGTATTTTAAAAAAGGAAACAAACCTGTACATTC 
AGCACTGAGTAGATAT£CTAAAAGGCAGATGGTGATGAGGCC 

TfcflTfl ATTPTPPP ATP ATP ATPTTP A PPPPrHY^f* A 

1 ob 1 bA M L 1 bUUA 1 oA 1 LA loll OAuoUoL 1 oLA 


2757 


CCTTTTAGGATATCTAC 


2758 


GTAGATATCCTAAAAGG 


2759 


Haemophilia B 
Leu(-27)Term 

TTA-TAA 


TTATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCC 
TCATCACCATCTGCCTTTTAGGATATCTACTCAGTGCTGAATG 
TACAGGTTTGTTTCC 1 1 1 1 1 1 AAAATACATTGAGTA 


2760 


TACTCMTGTATTTTAAAAAAGGAAACAAACCTGTACATTCAGC 
ACTGAGTAGATATCCTAAAAGGCAGATGGTGATGAGGCCTGG 
TGATTCTGCCATGATCATGTTCACGCGCTGCATAA 


2761 


CTGCCTTTTAGGATATC 


2762 



r 
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tf :: i<§ : lwitafioft$ 



Haemophilia B 
lle(-30)Asn 
ATC-AAC 



Haemophilia B 
He(-40)Phe 
gATC-TTC 



Haemophilia B 
Arg(-44)His 
CGC-CAC 



GATATCCTAAAAGGCAG 

A(jUAAAC3GTTA I GCAGCGCGTGAAtJA IGAICAI GGCAGAAT 

CACCAGGCCTCATCACCAICTGCCTTTTAGGATATCTACTCAG 
TGCTGMTGTACAGGTTrGTTTCCTTTTTTAAAATA 

iai 1 1 IAAAAAAGGAAACAAACCTGTACATTCAGCACTGAGTA" 

GATATCCTAAAAGGCAGATGGTGATGAGGCCTGGTGATTCTG 
CCATGATCATGTTCACGCGCTGCATAA nniTTryTA 

CATCACCATCTGCCTTT 
AAAGGCAGATGGTGATG 



2763 
1TM 



2765 



2766 
2767 



tfClaAUUTACCACI 1 1 CACAATCTGC I AGCAAAGGTTA 2768" 



AC" 

tgcagcgcgtgmcatgatcatggcagmtcaccaggcctca 
tcaccatctgccttttaggatatctactcagtgctg 

CAGCACTGAGTAGATATCCTAAAAGGCAGATGGTGATGAGGC 1 2769 

CTGGTGATTCTGCCATGATCATGTTCACGCGCTGCATAACCn 
TGCTAGCAGATTGTGAAAGTGGTAAfi CT^ATTACT 

TGAACATGATCATGGCA 
TGCCATGATCATGTTCA 

ACTTTGGTACAACTAATCGACCTTACCACT7TCACAATCTGCT 

AGCAAAGGTTATGCAGC6CGTGAACATGATCATGGCAGAATC 
ACCAGGCCTCATCACCATCTGCCTTTTAGGATATCT 

AGATATCCTAAAAGGCAGATGGTGATGAGGCCTGGTGATTCT 1 2773 

GCCATGATCATGTTCACGCGCTGCATAACCTTTGCTAGCAGA 
TTGTGAAAGTGGTAAGGTCGATTAGTTGTACCA AAGT 
TATGCAGCgCG TGAACA " — rfff^ 

TGTTCACGCGCTGCATA ~«2775 



2770 
2777 
2772 



EXAMPLE 15 
Alpha thalasse mia - Hemog lo bin alpha locus 1 

The thalassemia syndromes are a heterogeneous group of inherited anemias 
characterized by defects in the synthesis of one or more globin chain subunits. For example, beta- 
thalassemia discussed in Example 6, is caused by a decrease in beta-chain production relative to alpha- 
chain production; the converse is the case for alpha-thalassemia The attached table discloses the 
correcting oligonucleotide base sequences for the hemoglobin alpha locus 1 oligonucleotides of the 
invention. 
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Table 22 

HBA1 Mutations and Genome-Correcting Olioos 







•.v. .*.■.*.'>. v. v *.w,'v>5 

HHBl 

xc%-:x-y.-^>*---'v:vX-Xv 

WW 


Thalassaemia alpha 

Met(-1)Val 

cATG-GTG 


CCCTGGCGCGCTCGCGGCCCGGCACTCTTCTGGTCCCCACA 

GACTCAGAGAGAACCCACCATGGTGCTGTCTCCTGCCGACA 

AGACCAACGTCAAGGCCGCCTGGGGTAAGGTCGGCGCGC 


2776 


GCGCGCCGACCTTACCCCAGGCGGCCTTGACGTTGGTCTTG 
TCGGCAGGAGACAGCACCATGGTGGGTTCTCTCTGAGTCTGT 
GGGGACCAGAAGAGTGCCGGGCCGCGAGCGCGCCAGGG 


2777 


AACCCACCATGGTGCTG 


2778 


CAGCACCAIGGTGGGTT 


2779 


Haemoglobin variant 

Ala12Asp 

GCC-GAC 


CACAGACTCAGAGAGAACCCACCATGGTGCTGTCTCCTGCC 

GACAAGACCAACGTCAAGGCCGCCTGGGGTAAGGTCGGCGC 

GCACGCTGGCGAGTATGGTGCGGAGGCCCTGGAGAGGTG 


2780 


CACCTCTCCAGGGCCTCCGCACCATACTCGCCAGCGTGCGC 
GCCGACCTTACCCCAGGCGGCCTTGACGTTGGTCTTGTCGG 
CAGGAGACAGCACCATGGTGGGTTCTCTCTGAGTCTGTG 


2781 


CGTCAAGGCCGCCTGGG 


2782 


CCCAGGCGGCCTTGACG 


2783 


Haemoglobin variant 

Gly15Asp 

GGT-GAT 


AGAGAGAACCCACCATGGTGCTGTCTCCTGCCGACAAGACCA 
ACGTCAAGGCCGCCTGGGGTAAGGTCGGCGCGCACGCTGG 

nvv 1 wnnvvwvwWw 1 WWW w I nnvU 1 w wWWWWWWrAwWW 1 WW 

CGAGTATGGTGCGGAGGCCCTGGAGAGGTGAGGCTCCCT 


2784 


AGGGAGCCTCACCTCTCCAGGGCCTCCGCACCATACTCGCC 
AGCGTGCGCGCCGACCTTACCCCAGGCGGCGTTGACGTTGG 
TCTTGTCGGCAGGAGACAGCACCATGGTGGGTTCTCTCT 


2785 


CGCCTGGGGTAAGGTCG 


2786 


CGACCTTAeCCCAGGCG 


2787 


Haemoglobin variant 

Tyr24Cys 

TAT-TGT 


CTGCCGACAAGACCAACGTCAAGGCCGCCTGGGGTAAGGTC 
GGCGCGCACGCTGGCGAGTATGGTGCGGAGGCCCTGGAGA 
GGTGAGGCTCCCTCCCCTGCTCCGACCCGGGCTCCTCGCC 


2788 


GGCGAGGAGCCCGGGTCGGAGCAGGGGAGGGAGCCTCACC 
TCTCCAGGGCCTCCGCACCAIACTCGCCAGCGTGCGCGCCG 
ACCTTACCCCAGGCGGCCTTGACG7TGGTCTTGTCGGCAG 


2789 


TGGCGAGTATGGTGCGG 


2790 


CCGCACCAIACTCGCCA 


2791 


Haemoglobin variant 

Glu27Asp 

GAGg-GAT 


GACCAACGTCAAGGCCGCCTGGGGTAAGGTCGGCGCGCAC 
GCTGGCGAGTATGGTGCGGAGGCCCTGGAGAGGTGAGGCT 
CCCTCCCCTGCTCCGACCCGGGCTCCTCGCCCGCCCGGAC 
C 


2792 


GGTCCGGGCGGGCGAGGAGCCCGGGTCGGAGCAGGGGAG 
GGAGCCTCACCTCTCCAGGGCCTCCGCACCATACTCGCCAG 
CGTGCGCGCCGACCTTACCCCAGGCGGCCTTGACGTTGGTC 


2793 


GGTGCGGAGGCCCTGGA 


2794 


Tr.rAf;RRrcTncRnAnn 


97CK 
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Haemoglobin variant 
Asn68Lys 
MCg-AAG 



laemoglobin variant 
Asp74Gly 
GAC-GGC 



laemoglobin variant 
Asp74His 
gGAC-CAC 



Haemoglobin variant 

Asn78His 

cAAC-CAC 



Haemoglobin variant 

His87Tyr 

gCAC-TAC 



Haemoglobin variant 

Lys90Asn 

AAGc-AAC 



|j_ 
279i 



TCGTCCACGTGCGCCACGGCGTTGGTCAGCGCGTCGGCCAC 
CTTCTTGCCG TGGCCCTTAACCTGGGCAfiA fin^T^rTr 

CTGACCAACGCCGTGGC ~" " 

GCCACGGCGTTGGTCAG 

AldU I r AAGGGCUAUGGCAAGAAGG I GGCCGACGCGCTGACC 

AACGCCGTGGCGCACGTGGACGACATGCCCAACGCGCTGTC 
CGCCCTGAGCGACCTGCACGCGCACAAGCTTCGGGTGGA 

TCCAuuuCaAAGCTTGTGCGCGTGCAGGTCGCTCAGGGCGGA 

CAGCGCGTTGGGCATGTCGICCACGTGCGCCACGGCGTTGG 
TCAGCGCGTCG GCCACCTTCTTGCCGTGGCCCTTAA^ T 

GCACGTGGACGACATGC " " 

GCATGTCGTCCACGTGC 

UALKi 1 rAAGGGCCACGGCAAGAAGGIGGCCGACGCGCTGAC 
CAACGCCGTGGCGCACGTGGACGACATGCCCAACGCGCTGT 
CCGCCCTGAGCGACCTGCACGCGCACAAGCTTCGGGT GG 

CCACCCUAAGCTTGTGCGCGTGCAGGTCGCTCAGGGCGGAC 

AGCGCGTTGGGCATGTCGTCCACGTGCGCCACGGCGTTGGT 
CAGCGCGTCGGCCACCTTCTTGCCGTGGnnn TTAArrT^ 

CGCACGTGGACGACATG ~~ 

CATGTCGTCCACGTGCG 

UAUliUCAAGAAGG I GGCCGACGCGC I GACCAACGCCGTGG 



2797 



2798 
2799 
2S00 



2801 



2802 
2803 
2804 



2805 



-v-« - -ww , uuvuvmi/oi/Ob I L3rtUO/V\UULHi I GG 

CGCACGTGGACGACATGCCCAACGCGCTGTCCGCCCTGAGC 
GACCTGCACGCGCACAAGCTTCGGGTGGACCCGGTCAA CT 

AGTTGACCGGGTCCACCCGAAGCTTGTGCGCGTGCAGGTCG 

CTCAGGGCGGACAGCGCGTIGGGCATGTCGTCCACGTGCGC 
CACGGCGTTGGTCAGCGCGTCGGCCAnnTT nTTfipr/rrrs 

ACATGCCCAACGCGCTG ' 

CAGCGCGTTGGGCATGT 



AUUAACGCCGl UUUyUACGTGGACGACAl GCCCAACGCGCT 

GTCCGCCCTGAGCGACCTGCACGCGCACAAGCTTCGGGTGG 
ACCCGGrCMCTTCAAGGTGAGCGGCGGGCCGGGAGCCiA 

TCGCTCCCGGCCCGCCGCTCACCTTGAAGTTGACCGGGTCC 

ACCCGAAGCTTGTGCGCGTGCAGGTCGCTCAGGGCGGACAG 
CGCGTTGGGCATGTCGTCCACGTGCGnCA nf^nnTT^T 

GCGACCTGCACGCGCAC " 
GTGCGCGTGCAGGTCGC 

GGCGCACGTGGACGACATGCCCMCGCGCTGTCCGCCCTGA 

GCGACCTGCACGCGCACAAgCTTCGGGTGGACCCGGTCAAC 
TTCAAGGTGAG CGGCGGGCCflRQAGCGATCTGGGTnGAfi 



2806 
2807 
2808" 



2809 



2810 
2811 



2812 



2813 



2814 
2815 
2816 
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ISlllDf 




CTCGACCCAGATCGCTCCCGGCCCGCCGCTCACCTTGAAGT 
tcz Appftrvrrpp apppp, a a ftPTnrrY5PftpftTP.p apjttpcptp 

AGGGCGGACAGCGCGTTGGGCATGTCGTCCACGTGCGCC 


2817 


GCGCACAAGCTTCGGGT 


2818 


AoUUbAAoC 1 1 o 1 bl/bL 


2819 


Haemoglobin variant 
AAG-ACG 


I buLGLAltb I W^uGACATbULLAAObCbCT 

AftP^ppTftPAPravsPAPAAftPTTPft^rraftAPPPftftTPAA 
CTTCAAGGTGAGCGGCGGGCCGGGAGCGATCTGGGTCGA 


2820 


TCGACCCAGATCGCTCCCGGCCCGCCGCTCACCTTGAAGTT 

OA ^r^PTPPAr^rPA A /^PTTPTPPPPPTPP A PPTPPPTP A 

oAUUbbb I UUAOOOoAAviO 1 1 b 1 buouv; 1 bUAbb 1 ObO 1 OA 

GGGCGGACAGCGCGTTGGGCATGTCGTCCACGTGCGCCA 


2821 


CGCGCACAAGCTTCGGG 


2822 


bCOGAAGCTTGTGCGCG 


2823 


Haemoglobin variant 
CGG-CAG 


AGGTGbALGAOATGLUCMCGCGOTGTC^ 

PT^PAPr^PriPAPAAnrTTPftriCTf^ArPrnCTPAAPTTPAA 

GGTGAGCGGCGGGCCGGGAGCGATCTGGGTCGAGGGGC :i 


2824 


CGCCCCTCGACCCAGATCGCTCCCGGCCCGCCGCTCACCTT 

Ail ATTA A /"NpPPPTPP A PPPP A A PATTPTPPPPPTAP* AOT 

GMGTTGACCGGGTCCACCCGAAGCTTGTGCGCGTGCAGGT 
CGCTCAGGGCGGACAGCGCGTTGGGCATGTCGTCCACGT 


2825 


CAAGCTTCGGGTGGACC 


2826 


PPTPP A A APP A A AATTA 

GGTCCACCCGAAGCTTG 


AAA7 

2827 


Haemoglobin variant 

nspy*K3iy 

GAC-GGC 


A f**f~* A P ITPOAA A A AOPOPTOTAPPPPOT^^ A PPP A PPTPP A P 

ACGACATGCCCMCGCGCTGTCCGCCCTGAGCGAC^ 
npfir* apa a rit^TTf^ririnrrrifi a ppp/^/^tp a apttpa aoyttpap 

bubuALrAAbU 1 I 0oov3 1 boAOVA/OO 1 UAAw l 1 UAAbo I uAb 

CGGCGGGCCGGGAGCGATCTGGGTCGAGGGGCGAGATGG 


2828 


CCATCTCGCCCCTCGACCCAGATCGCTCCCGGCCCGCCGCT 

CACCTTGAAG 1 1 GACCGGGTCCACCCGAAGCTTGT6CGCGT 

GCAGGTCGCTCAGGGCGGACAGCGCGTTGGGCATGTCGT 


2829 


TCGGGTGGACCCGGTCA 


2830 


TP A AAAAATAA A APPP A 

TGACCGGGTCCACCCGA 


2831 


Haemoglobin variant 
CCG-CGG 


A P A T A A /"vyk/"*py>TP"TV*/"' , '/"* H / n 'PPTP A PPP A PPTP/~* A /~*PPP 

ACATGCCCAACGCGCTGTCCGCCCTGAGCGACCTGCACGCG 

PAPAAf5PTTPfi^r^Tri^APPP^^TPAAPTTPAA^CTP J A^PP^ 

CGGGCCGGGAGCGATCTGGGTCGAGGGGCGAGATGGCGC 


2832 


GCGCCATCTCGCCCCTCGACCCAGATCGCTCCCGGCCCGCC 

GO 1 t/Aut/TTGAAGr FGAOLGGG 1 OOAOOOGAAGO 1 1 G 1 GOG 

CGTGCAGGTCGCTCAGGGCGGACAGCGCGTTGGGCATGT 


2833 

■ 


GGTGGACCCGGTCAACT 


2834 


a at rp a ppp r^f^t^rr^r* a pp 

AG 1 1 GACCGGGTCCACC 


2835 


Haemoglobin variant 

Ser102Arg 

AGCc-AGA 


OGGGGGCTGGGGGCG 1 GGGOOG 1 GGGOGGGAO 1 GALLU 1 L 

TTCTCTGCACAGCTCCTAAGCCACTGCCTGCTGGTGACCCTG 
GCCGCCCACCTCCCCGCCGAGTTCACCCCTGCGGTGCAC 


2836 


GTGCACCGCAGGGGTGAACTCGGCGGGGAGGTGGGCGGCC 
AGGGTCACCAGCAGGCAGTGGCTTAGGAGCTGTGCAGAGAA 
GAGGGTCAGTGGGGCCGAGGGCCCAGGCCCGCAGCCGCCG 


2837 


CTCCTAAGCCACTGCCT 


2838 
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Haemoglobin variant 
6lu116Lys 
cGAG-AAG 



Haemoglobin variant 
AianOQu 
GCG-GAG 



Thaassaemia alpha 

Leu129Pro 

CTG-CCG 



haemoglobin variant 
Arg141Leu 
CGT-CTT 



AGGCAGTGGCTTAGGAG 

A^iS^f CACAGC ' CC 1 ^CACtbLL IGUIGGI GACfXTG 



2839 



CTn^^^Ar^Z[r^n^T^~ AG ^^^^^^ GCGGTGCACGC 
CTCCCTGGACAAGnCCTGGCTrnTfiTCA,yArrr ?Tr;r 

GCACGCTGCTCACAGAAGC^G^^ 
TGCACCGCAGGGGT(3MCTeGGCGGG(^GGTGGGC^A 

r ^^^^^^^^^^^^^^^^^^^^ ^^ 

TCCCCGCCGAGTTCACC " ~ 

GGJGMCTCGGCGGGGA 



2840 



2841 



GTTCCTGGCTTCTGTGAGCkCCC^nnTr,Arrrrr Mm 
OXaTGCACCGCAGGGGTG 

CACC(*AG(3GGT(^CTCG^ 

CAAGTTCCTGGCTTCTG 

CAGAAGCCAGGAACTTG 



2842 
2843 
2844 



2845 



2846 
2847 
2848 



2849 



2850 
2851 



UAGCTTAACGGTATTTfi 



2852 



2853 



2854 
2855 



EXAMPLE 16 
Alpha-thalassar nia - jjanog job m aloha focus o 

The attached table discloses the correcting oligonucleotide base sequences for the 
hemoglobin alpha locus 2 oligonucleotides of the invention. 
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Table 23 

HBA2 Mutations and Genome-Correcting Oliaos 



CKnical Phenotype & 




IIHQI1 


Thalassaemia alpha 

Met(-1)Thr 

ATG-ACG 

• 


CCTGGCGCGCTCGCGGGCCGGCACTCTTCTGGTCCCCACAG 

APTPAGAGAGAArrrArrATGGTGCTGTCTCCTGCCGACAAG 
ACCAACGTCAAGGCCGCCTGGGGTAAGGTCGGCGCGCA 


2856 


TGCGCGCCGACCTTACCCCAGGCGGCCTTGACGTTGGTCTT 

rtTPfiGrA^AGAPAGrArrATGGTGGGTTCTCTCTGAGTCT 
GTGGGGACCAGMGAGTGCCGGCCCGCGAw€GCGCCAGG 


2857 


APPPAPPATGGTGPTGT 

Mvwnvvn 1 wv I ww i w i 


2858 


ACAGCACCATGGTGGGT 


2859 


Haemoglobin variant 

Ala12Asp 

GCC-GAC 


CACAGACTCAGAGAGAACCCACCATGGTGCTGTCTCCTGCC 

r2APAAr5ArPAAPGTrAAGGCnGfi(TrGGGGTAAGGTCGGCGC 

UnUnnOlnvOnnwv i vnnwwwwuvv i w www i nnuu • www www 

GCACGCTGGCGAGTATGGTGCGGAGGCCCTGGAGAGGTG 


2860 


CACCTCTCCAGGGCCTCCGCACCATACTCGCCAGCGTGCGC 
rsppfSAPPTTAPPPPAftftPf^ppTTGAPGTTGGTPTTGTPGG 

OuuOnUv 1 1 nuuuvnOOvguvw 1 1 wAwO 1 1 OO 1 w 1 1 w 1 www 

PAGGAGAPAGPAPPATGGTGGGTTCTCTCTGAGTCTGTG 

WnOOnOnunUvAwUn 1 ww 1 www 1 1 wlwlwl w#*w t w 1 W 1 W 


2861 


CGTCAAGGCCGCCTGGG 


2862 


CCCAGGCGGCCTTGACG 


2863 


Haemoglobin variant 

Lys16Glu 

tAAG-GAG 


AGAGAACCCACCATGGTGCTGTCTCCTGCCGACAAGACCAAC 

O 1 wAAwO w w www 1 bbbb I AnbO 1 w w^w OwOwMw ww 1 O wwVJ 

AGTATGGTGCGGAGGCCCTGGAGAGGTGAGGCTCCCTCC 


2864 


GGAGGGAGCCTCACCTCTCCAGGGCCTCCGCACCATACTCG 

/V^A/^PTOP/^/^PP/^APPTTAPPPPA^f^P^ftPPTTCAPOTT 

^^TPTT^TPGGrAGGAGArAGPAnnATGGTGGGTTCTCT 

ww Iwl iwl wwOnuUnun^Awnuvrt I ww l www l I w I w I 


2865 


CCTGGGGTAAGGTCGGC 

WW 1 UVvW 1 ^ViWW 1 wwww 


2866 


GCCGACCTTACCCCAGG 


2867 


Haemoglobin variant 

His20Gln 

CACg-CAA 


GGTGCtGTCTCCTGCCGACAAGACCAACGTCAAGGCCGCCT 

GGGGTAAGGTCGGCGCGCACGCTGGCGAGTATGGTGCGGA 
RRrrPTfsrjAGAGGTGAGGPTrrrTrnnrTGnTnnGAncfiG 

uOuou 1 UUMuAuO 1 UnOuw 1 www 1 wwww 1 ww I www/\wWww 


2868 


CGGGTCGGAGCAGGGGAGGGAGCCTCACCTCTCCAGGGCC 
TCCGCACCATACTCGCCAGC6TGCGCGCCGACCTTACCCCA 
^^pf^^prTTftArfiTT^^TPTT^Trr^GrAnGAGArAGnAnc 

wwwwwww 1 I wMww 1 1 ww Iwl Iwl V- wwwMwwMwrAw/AwwrVww 


2869 




2870 


TCGCCAGCGTGCGCGCC 

I vvwwnVjww 1 WWWWWWW 


2871 


Haemoglobin variant 

Glu27Asp 

GAGg-GAC 


GACCAACGTCAAGGCCGCCTGGGGTAAGGTCGGCGCGCAC 
GCTGGCGAGTATGGTGCGGAGGCCCTGGAGAGGTGAGGCT 
CCCTCCCCTGCTCCGACCCGGGCTCCTCGCCCGCCCGGAC 
C 


2872 


GGTCCGGGCGGGCGAGGAGCCCGGGTCGGAGCAGGGGAG 
GGAGCCTCACCTCTCCAGGGCCTCCGCACCATACTCGCCAG 
CGTGCGCGCCGACCTTACCCCAGoCGGCCTTGACGTTGGTC 


2873 


GGTGCGGAGGCCCTGGA 


2874 


Tr.r.AGGGr*rrr.r.GP.Ar.r. 


9R7S 



( 



WO 01/73002 

PCT/US01/09761 

-205- 



f < 

WO 01/73002 " PCT/US01/09761 

-206- 



lilliiiiili 



>S1 



CGCGTGCAGGTCGCTCAGGGCGGACAGCGCGTTGGGCATG 

TCGTCCACGTGCGCCACGGCGTTGGTCAGCGCGTCGGCCAC 

CTTCTTGCCGTGGCCCTTAACCTGGGCAGAGCCGTGGCTC 



2897 



CTGACCAACGCCGTGGC 



2898 



Haemoglobin variant 
Asn68Lys 
AACg-AAA 



GCCACGGCGTTGGTCAG 

GAGCCACGGCTCTGCCCAGGTTMGGGCCACGGCAAGAAGG 
TGGCCGACGCGCTGACCMCGCCGTGGCGCACGTGGACGA 
CATGCCCAACGCGCTGTCCGCCCTGAGCGACCTGCACGCG 



2899 
29( 



CGCGTGCAGGTCGCTCAGGGCGGACAGCGCGTTGGGCATG 

TCGTCCACGTGCGCCACGGCGTTGGTCAGCGCGTCGGCCAC 

CTTCTTGCCGTGGCCCTTAACCTGGGCAGAGCCGTGGCTC 



2901 



CTGACCAACGCCGTGGC 



2902 



GCCACGGCGTTGGTCAG 



2903 



Haemoglobin variant 

Asn78Lys 

AACg-AAA 



CGGCAAGAAGGTGGCCGACGCGCTGACCAACGCCGTGGCG 

CACGTGGACGACATGCCCAACGCGCTGTCCGCCCTGAGCGA 

nCTGCACGCGCACAAGCTTCGGGTGGACCCGGTCAACTTC 



2904 



GAAGTTGACCGGGTCCACCCGAAGCTTGTGCGCGTGCAGGT 
CGCTCAGGGCGGACAGCGCGTTGGGCATGTCGTCCACGTGC 
GCCACGGCGTTGGTCAGCGCGTCGGCCACCTTCTTGCCG 



2905 



ATGCCCAACGCGCTGTC 



2906 



GACAGCGCGTTGGGCAT 



2907 



Haemoglobin variant 

Asp85Val 

GAC-GTC 



CGCTGACCAACGCCGTGGCGCACGTGGACGACATGCCCAAC 
GCGCTGTCCGCCCTGAGCGACCTGCACGCGCACAAGCTTCG 
GGTGGACCCGGTCAACTTCAAGGTGAGCGGCGGGCCGGG 



CCCGGCCCGCCGCTCACCTTGAAGTTGACCGGGTCCACCCG 
AAGCTTGTGCGCGTGCAGGICGCTCAGGGCGGACAGCGCGT 
TGGGCATGTCGTCCACGTGCGCCACGGCGTTGGTCAGCG 



2909 



CCTGAGCGACCTGCACG 



2910 



Haemoglobin variant 
Lys90Asn 
AAGc-AAT 



CGTGCAGGTCGCTCAGG 

6gCGCACGTGGACGACATGCCCAACGCGCTC5TCCC51;CCT< 
GCGACCTGCACGCGCACAAGCTTCGGGTGGACCCGGTCAAC 
TTCAAGGTGAGCGGCGGGCCGGGAGCGATCTGGGTCGAG 



2911 
W2 



ctcgacccagatcgctcccggcccgccgctcaccttgaagt 
tgaccgggtccacccgaagcttgtgcgcgtgcaggtcgctc 
agggcggacagcgcgttgggcatgtcgtccacgtgcgcc 



2913 



GCGCACAAGCTTCGGGT 



2914 



2915 



Haemoglobin variant 

Asp94His 

gGAC-CAC 



CGCGCACAAGCTTCGGGTGGACCCGGTCAACTTCAAGGTGA 
GCGGCGGGCCGGGAGCGATCTGGGTCGAGGGGCGAGATG 



CATCTCGCCCCTCGACCCAGATCGCTCCCGGCCCGCCGCTC 

ACCTTGAAGTTGACCGGGTCCACCCGAAGCTTGTGCGCGTG 

CAGGTCGCTCAGGGCGGACAGCGCGTTGGGCATGTCGTC 



2917 



TTCGGGTGGACCCGGTC 



2918 



WO 01/73002 



PCT/US01/09761 



-207- 



mmmm 



Haemoglobin variant 
Pro95Leu 
CCG-CTG 



Haemoglobin variant 
Ser102Arg 
aAGC-CGC 



laemoglobin H disease 
Cys104Tyr 
TGC-TAC 



Haemoglobin variant 
Ala111Val 
GCC-GTC 



Haemoglobin variant 
Ala120Glu 
GCG-GAG 



laemoglobin variant 
His122Gln 
CACg-CAG 



GACCGGGTCCACCCGAA 

ACATGCCCAACGCGCTGTCCGCCC I GAGCGACCTGCACGCG 

CACAAGCTTCGGGTGGACCCGGTCAACTTCAAGGTGAGCGG 
CGGGCCGGGAGCGATCTGGGTCGAGGGGCGAGATGnnry; 



2919 
2920 



GCGCCATCTCGCCCCTCGACCCAGATCGCTCCCGGCCCGCC 

GCTCACCTTGAAGTTGACCGGGTCCACCCGAAGCTTGTGCG 
CGTGCAGGTCGCTCAGGGCGGACAGCGCGTTGGGCATfiT 



2921 



GGTGGACCCGGTCMCT 



2922 



AGTTGACCGGGTCCACC 

AGCGCAGGCGGCGGCTGCGGGCCTGGGCCGCACTGACCC 

TCTTCTCTGCACAGCTCCTAAGCCACTGCCTGCTGGTGACCC 

TGGCCGCCCACCTCCCCGCCGAGTTCACCCCTGCGGTGC 

GCACCGCAGGGGTGAACTCGGCGGGGAGGTGGGCGGCCAG 

GGTCACCAGCAGGCAGTGGCTTAGGAGCTGTGCAGAGAAGA 
GGGTCAGTGCGGCCCAGGCCCGCAGCCG CCGCCTGnRflTA 

AGCTCCTAAGCCACTGC 

GCAGTGGCTTAGGAGCT 



GGCGGCGGC I GCGGGCCTGGGCCGCACTGACC CTCTTCTCT 
GCACAGCTCCTAAGCCACTGCCTGCTGGTGACCCTGGCCGC 
CCACCTCCCCGCCGAGnCACCCCTGCGGTGCACGCCTC 
GAGGCGTGCACCGCAGGGGTGAACTCGGCGGGGAGGTGGG 
CGGCCAGGGTCACCAGCAGGCAGTGGCTTAGGAGCTGTGCA 
GAGAAGAGGGTCAGTGCGGCCCAGGCCCGCAGCCGCC finn 
AAGCCACTCCCTGCTGG 



2923 
292T 



2925 



2926 
2927 



CCAGCAGGCAGTGGCTT 

CCGCACTGACCCrCTTCTCTGCACAGCTCCTAAGCCACTGCC 

TGCTGGTGACCCTGGCCGCCCACCTCCCCGCCGAGTTCACC 

CCTGCGGTGCACGCCTCCCTGGACAAGTTCCTGGCTTC 

GAAGCCAGGAACTTGTCCAGGGAGGCGTGCACCGCAGGGGT 

GAACTCGGCGGGGAGGTGGGCGGCCAGGGTCACCAGCAGG 
CAGTGGCTTAGGAGCTGTGCAGAGAAG AGGGTCAGTfinfifi 

cctggccgcccacctcc 
ggaggtgggcggccagg 

cctmgccactgcctgctggTgacCcTGgccgcccacctc 
cccgccgagttcacccctgcggtgcacgcctccctggacaa 
gttcctggcttctgtgagcaccgtgctgacctccaaata 

tatttggaggtcagcacggtgctcacagaagccaggmcttg 
tccagggaggcgtgcaccgcaggggtgaactcggcgggga 
ggtgggcggccagggtcaccagcaggcagtggcttagga 

cacccctgcggtgcacg " — 



2928 



2929 



2930 



2931 
2932 



2933 



CGTGCACCGCAGGGGTG 

UCAUTGCCTGGTGGTGACCCTGGCCGCCCACCTCCCCGCCG 

AGTTCACCCCTGCGGTGCACGCCTCCCTGGACAAGTTCCTG 
GCTTCTGTGAGCACCGTGCTGACCTCCAAATACCGTTAA 



2934 
2935 
2936 



2937 



2938 



2939 
29- 



WO 01/73002 PCT/US01/09761 

-208- 



r^m'm'm'.'- ^J**^*"^*- ' ■ V ^ . ' .' .*.*-*» " t .*,*. ' .". ■**'**,' 








TTAACGGTATTTGGAGGTCAGCACGGTGCTCACAGAAGCCAG 
GMCTTGTCCAGGGAGGCGTGCACCGCAGGGGTGAACTCGG 
CGGGGAGGTGGGCGGCCAGGGTCACCAGCAGGCAGTGG 


2941 




GCGGTGCACGCCTCCCT 


2942 




AGGGAGGCGTGCACCGC 


2943 


1 Haemoglobin variant 
Ala123Ser 
cGCC-TCC 


CACTGCCTGCTGGTGACCCTGGCCGCCCACCTCCCCGCCGA 

GTTCACCCCTGCGGTGCACGCCTCCCTGGACAAGTTCCTGG 

CTTCTGTGAGCACCGTGCTGACCTCCAAATACCGTTAAG 


2944 




CTTMCGGTATTTGGAGGTCAGCACGGTGCTCACAGAAGCCA 
GGAACTTGTCCAGGGAGGCGTGCACCGCAGGGGTGAACTCG 
GCGGGGAGGTGGGCGGCCAGGGTCACCAGCAGGCAGTG 


2945 




CGGTGCACGCCTCCCTG 


2946 




CAGGGAGGCGTGCACCG 


2947 ! 


Thalassaemia aloha 

Leu125Pro 

CTG-CCG 


tgctggtgaccctggccgcccacctcccCgccgagttcacc 

CCTGCGGTGCACGCCTCCCTGGACAAGTTCCTGGCTTCTGT 
GAGCACCGTGCTGACCTCCAAATACCGTTAAGCTGGAGC 


2048 1 




GCTCCAGCTTAACGGTATTTGGAGGTCAGCACGGTGCTCACA 
GAAGCCAGGAACTTGTCCAGGGAGGCGTGCACCGCAGGGG 

w ■ ** »^pf * ■ ^p* w ^pr l»f ■ ^ W ^p*# *^p* ^p** ^pF ^p»^ | ^plVr/ ^^^/'V^pt^p'^pl^pl 

TGAACTCGGCGGGGAGGTGGGCGGCCAGGGTCACCAGCA 


2949 




CGCCTCCCTGGACAAGT 


2950 




ACTTGTCCAGGGAGGCG 


2Q51 


I Haemoalobin variant 
Ser131Pro 
fTCT-CCT 


GCCCACCTCCCCGCCGAGTTCAdCCCTGCGGTGCACfiC^T^ " 

CCTGGACMG7TCCTGGCTTCTGTGAGCACCGTGCTGACCTC 
CAAATACCGTTAAGCTGGAGCCTCGGTAGCCGTTCCTC 






GAGGAACGGCTACCGAGGCTCCAGCTTAACGGTATTTGGAG 
GTCAGCACGGTGCTCACAC3AAGCCAG(5AAmTRTrf;Af;rir;A 

GGCGTGCACCGCAGGGGTGAACTCGGCGGGGAGGTGGGC 


2953 


■ 


TCCT GGCTTCTGTGAGC 


2954 




GCTCACAGAAGCCAGGA 


?QH 1 


Haemoglobin variant 

Leu136Met 

gCTG-ATG 


GAGTTCACCCCTGCGGTGCACGCCTCCCTGGACAAGTTCCf 
GGCTTCTGTGAGCACCGTGCTGACCTCCAAATACCGTTAAGC 
TGGAGCCTCGGTAGCCGTTCCTCCTGr CCGCTGGGCCT 


2956 1 




AGGCCCAGCGGGCAGGAGGAACGGCTACCGAGGCTCCAGC 
TTAACGGTATTTGGAGGTCAGCACGGTGCTCACAGAAGCCAG 
GAACTTGTCCAGGGAGGCGTGCACCGCAGGGGTGAACTC 


2957 




GCACCGTGCTGACCTCC 


2958 . 




GGAGGTCAGCACGGTGC 


20^0 1 


Haemoglobin variant 

Leu136Pro 

CTG-CCG 


AGTTCACCCCTGCGGTGCACGCCTCCCTGGACAAGTTCCtG 

^P^" » -^P^w » ^PF 1 ^PV -^pV • -^py ^P^ ^P» ^P»' » ^pF Wf V^pT ^pV ^pF ^pT ■ ^pT ^pF ^pT V ^pp* ^p## l%pfr V 1 | ^p^* ^pf 9 ^^pf 

GCTTCTGTGAGCACCGTGCTGACCTCCAAATACCGTTAAGCT 
GGAGCCTCGGTAGCCGTTCCTCCTGCCCGCTGGGCCTC 


2960 




GAGGCCCAGCGGGCAGGAGGAACGGCTACCGAGGCTCCAG 
CTTAACGGTATTTGGAGGTCAGCACGGTGCTCACAGAAGCCA 
GGAACTTGTCCAGGGAGGCGTGCACCGCAGGGGTGAACT 


2961 




CACCGTGCTGACCTCCA 


2962 1 



WO 01/73002 



PCT/USO 1/09761 
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laemoglobin variant 
Arg141Cys 
cCGT-TGT 



laemoglobin variant 
Term142Gln 
(TAA-CAA 



laemoglobin variant 
Temi142Lys 
fJAA-AAA 



Haemoglobin variant 

Term142Tyr 

TAAg-TAT 



TGGAGGTCAGCACGGTG 

U l UUACGCCTCCC I GGACAAGTTCL IGGCI ICIGI GAGCACC 
GTGCTGACCTCCAAATACCGTT AAGCTGGAGCCTCGGTAGCC 
GTTCCTCCTGCCCGCTGGGCCTCCCAAnfify^rrrrr 

GGAGGuuuuui rCGGAGGCCCAGCGGGCAGGAGGAACGGC 



2963 
2964 



2965 



2966 
2967 



GGAGGAGGGCCCGTTGGGAGGCCCAGCGGGCAGGAGGAA'i 



1968 



2969 



2970 
2971 




!972 



2973 



2974 
2975 



ZlZZ wnwwva 1 1 i 1 1 Ulul GAGCACCGTGCT 

GACCTCCAAATACCGTTAAGCTGGAGCCTCGGTAGCCGTTCC 
TCCTGCCCGCTGGGCCTCCCAACGGGCCCTCCTCCC C 

GGGGAGGAGGGCCCGTTGGGAGGCCCAGCGGGCAGGAGG 

AACGGCTACCGAGGCTCCAGCFAACGGTATTTGGAGGTCAG 
CACGGTGCTCAC AGAAGCCAGGAACTTGTm A^A^rq 

TACCGTTAAGCTGGAGC ~ - 

GCTCCAGCTTMCGGTA 



2976 



2977 



2978 
2979 



EXAMPLE 17 
Human mismatch repair ■ Ml Hi 



The human MLH1 gene is homologous to the bacterial mutL gene, which is involved i 
mismatch repair. Mutations in the MLH1 gene have been identified in many individuals with hereditary 
nonpolyposis colorectal cancer (HNPCC). Mutations in the MLH1 gene are also implicated in 
predisposition to a variety of cancers associated with, for example, Muir-Torre syndrome and Turcot 



c 

WO 01/73002 



210- 



( 

PCT/US01/09761 



syndrome. The attached table discloses the correcting oligonucleotide base sequences for the MLH1 
ofigonucleotides of the invention. 



Table 24 

MLH1 Mutations and Genome-Correcting Ojjgos 







Sil 


Non-polyposis 
colorectal cancer 
MetlArg 
ATG-AGG 


7TGGCTGAAGGCACTTCCGTTGAGCATCTAGACGTTTCCTTG 

_n__ri . _ri_ j ■- j ■ i j-i j~LJ~t-rT-J~i.fi. A A A * ~~»^%^'^\^'» | M p \'l A^At AAAATTATTrt 

GCTCnCTGGCGCCAAMIGTCGTTCGTGGCAGGGGTTATTC 

GbGobOl oviALCiAuALrAu 1 1 UAAOUvjUA 1 UoObou 


2980 


GCCGCGATGCGGTTCACCACTGTCTCGTCCAGCCGCCGAAT 
AACCCCTGCCACGAACGACATTTTGGCGCCAGAAGAGCCAA 
GGAAACGTCTAGATGCTCAACGGAAGTGCCTTCAGCCAA 


2981 


CGCCAAAAIGTCGTTCG 


2982 


CGAACGACATTTTGGCG 


2983 


Non-polyposis 
colorectal cancer 
MetlLys 
ATG-AAG 


1TGGCTGAAGGCACTTCCGTTGAGCATCTAGACGTTTCCTTG 

GCTCTTCTGGCGCCAAAAIGTCGTTCGTGGCAGGGGTTATTC 

GGCGGCTGGACGAGACAGTGGTGAACCGCATCGCGGC 


2984 


GCCGCGATGCGGTTCACCACTGTCTCGTCCAGCCGCCGAAT 
MCCCCTGCCACGMCGACATTTTGGCGCCAGAAGAGCCAA 
GGAAACGTCTAGATGCTCAACGGAAGTGCCTTCAGCCAA 


2985 


CGCCAAAATGTCGTTCG 


2986 


CGAACGACATTTTGGCG 


2987 


Non-polyposis 
colorectal cancer 
Met35Arg 
ATG-AGG 


TGGTGAACCGCATCGCGGCGGGGGAAGTTATCCAGCGGCCA 
GCTAATGCTATCAAAGAGATGATTGAGAACTGGTACGGAGGG 
AGTCGAGCCGGGCTCACTTAAGGGCTACGACTTAACGG 


2988 


CCGTTAAGTCGTAGCCCTTAAGTGAGCCCGGCTCGACTCCCT 
CCGTACCAGTTCTCAATCATCTCTTTGATAGCATTAGCTGGCC 
GCTGGATAACTTCCCCCGCCGCGATGCGGTTCACCA 


2989 


CAAAGAGATGATTGAGA 


2990 


TCTCAATCATCTCTTTG 


2991 


Non-polyposis 
colorectal cancer 
Ser44Phe 
TCC-TTC 


TAGAGTAGTTGCAGACTGATAAAI IAI 1 1 1 C 1 GTTTGATTTGCC 

AGTTTAGATGCAAAATCCACAAGTATTCAAGTGAnGTTAAAG 

AGGGAGGCCTGAAGTTGATTCAGATCCAAGACAA 


2992 


TTGTCTTGGATCTGAATCMCTTCAGGCCTCCCTCTTTAACAA 
TCACTTGMTACTTGTGGATTTTGCATCTAAACTGGCAAATCA 
AACAGAAAATAATTTATCAGTCTGCAACTACTCTA 


2993 


TGCAAAATCCACAAGTA 


2994 


TACTTGTGGATTTTGCA 


2995 


Non-polyposis 
colorectal cancer 


gcAaaatccacaagtattcaagtgattgttaaagagggaggc 
ctgaagttgattcagatccaagacaatggcaccgggatcagg 
gtaagtaaaacctcaaagtagcaggatgtttgtgcgc 


2996 



CAA-AAA 



WO 01/73002 



PCT/USO 1/09761 



-211- 



Non-polyposis 
colorectal cancer 
Gln62Term 
CM-TAA 



Non-polyposis 
colorectal cancer 
Asn64Ser 
AAT-AGT 



lon-polyposis 
colorectal cancer 
Gly67Arg 
GGG-AGG 



Non-polyposis 
colorectal cancer 

Gly67Arg 
GGG-CGG 



Non-polyposis 
colorectal cancer 
Gly67Trp 
GGG-TGG 



GCGCACAMCATCCTGCTACmGAGGTmACTTACCCTCAT 

CCCGGTGCCATTGTCTTGGATCTGMTCAACTTCAGGCCTCC 
CTCTTTMCAATCACTTGMTACTTGT GGATnTfin 

TTCAGATCCAAGACAAT 
ATTGTCTTGGATCTGAA 

UUAAAATCCACAAUTATTCAAGTGATTG irAAAGAGGGAGG' 

CTGAAGTTGA7TCAGATCCAAGACAATGGCACCGGGATCAGG 
GTAAGTAAAACCTCAAAGTAGCAGGATGTTTGTGCGC 

GCGCACAAACATCCTGCTACTTTGAGG 1 1 1 IACITACCCTGAT 

CCCGGTGCCATTGTCTTGGATCTGAATCAACTTCAGGCCTCC 
CTCTTTAACAATCACTTGAATAnTTCTr^ATrrmr 

ttcagatccaagacaat 
attgtcttggatctgaa 

uuacaagtatiCaautgattgttaaagagggagGCctgaAGT 

TGATTCAGATCCAAGACAATGGCACCGGGATCAGGGTAAGTA 
AAACCTCAAAGT AGCAGGATGTTTGTGCGCTTCATGG 

ccatgmgcgcacamcatcctgctactngaggttttactta 
ccctgatcccggtgccattgtcttggatctgaatcaacttca 

GGCCTCCCTCTTTAACAATCACTTGAAT ACTTCTfifi 
CCAAGACAATGGCACCG 
CGGTGCCATTGTCTTGG 



2997 



2998 
2999 
3000 



3001 



ATI CAAGTGATl U 1 1 AAAGAGGGAGGCCTGAAGTTGATTCAGA 
TCCAAGACAATGGCACCGGGATCAGGGT AAGTAAAACCTCAA 
AGTAGCAGGATGTTTGTGCGCTTCATGGAAGAGTCA 

TGACTCTTCCATGAAGCGCACAAACATCCTGCTACTTTGAGGT 

TTTACTTACCCTGATCCCGGTGCCA'TTGTCTTGGATCTGAATC 
AACnCAGGCCTCCCTCTTTAAC AATCACTTCAAT 

ATGGCACCGGGATCAGG 

CCTGATCCCGGTGCCAT 

1 1 CAAGTGATl G 1 1 AAAGAGGGAGGCCt GAAGT TGATTC AG A 
TCCAAGACAATGGCACCGGGATCAGGGT AAGTAAAACCTCAA 
AGT AGCAGGATGTTTGTGCGCTTCATGGAAGAGTCA 

TGACTCTTCCATGAAGCGCACAAACATCCTGCTACTTTGAGGf 

TTTACTTACCCTGATCCCGGTGCCATTGTCTTGGATCTGAATC 
AACTTCAGGCCTCCCTCTTTAACAATCACTTOAAT 



3002 
3003 
3004 



3005 



3006 
3007 
3008 



3009 



ATGGCACCGGGATCAGG 

CCTGATCCCGGTGCCAT 

ATTCAAGTGATTGTTAAAGAGGGAGGCCTGAAGTTGATTCAGA 

TCCAAGACAATGGCACCGGGATCAGGGTAAGTAAAACCTCAA 
AGTAGCAGGATGTTTGTGCGCTTCATGGAAGAGTCA 

TGACTCTTCCATGAAGCGCACAAACATCCTGCTACTTTGAGGf 

TTTACTTACCCTGATCCCGGTGCCATTGTCTTGGATCTGAATC 
AACTTCAGGCCTCCCTCTTTA ACAATCACTTfiAAT 

ATGGCACCGGGATCAGG 



3010 
3011 
3012 



3013 



3014 
3015 



3016 



3017 



3018 



c < 

WO 01/73002 PCT/US01/09761 

•212- 









I CCTGATCCCGGTGCCAT 




Non-polyposis 
colorectal cancer 
Cys77Arg 
TGT-CGT 


GTAACATGAl IAI 1 lACICAlCI 1 1 1 1 GG TATCTAACAGAaAGA 

■ m ^P »^PFF ■ p ^ • ■ • • * ■ ■ • m ^F» F ^^P p P ^pf • P p p F ^IP* ^ppF • F • ■ P • ^F »^pFp » ^ppw w VP % ^^m" V 

AGATCTGGATATTGTATGTGAAAGGTTCACTACTAGTAAACTG 
CAGTCCTTTGAGGATTTAGCCAGT atttctacgt 


OUZU 


AGGTAGAAATACTGGCTAAATCCTCAAAGGACTGCAGTTTACT 

P • ^P^ F P V W ^P • ■ • ■ ^^F V w ^F ^P • P Tp^ P P W ^F V p ^pF P ^HpP ^p7 F V^PP V 1 ■ p %^p* ■ 

AGTAGTGAACCnTCACATACAATATCCAGATCTTCTTTCTGTT 

agataccaaaaagatgagtaaataatcatgttac 


3021 


ATATTGTATGTGAAAGG 


3022 


CCTTTCACATACAATAT 




Non-polyposis 
colorectal cancer 
Cys77Tyr 
TGT-TAT 


TAACATGATTATTTACTCATCTTTTTGGTATCTAACAGAAAGAA 

• / V IW# » 1 1 1 I'll 1 ■ / 1 Wfl I \r 1(111 I #1 | I # V 1^^/ V w%^J/ Vt 

GATCTGGATATTGTATGTGAAAGGTTCACTACTAGTAAACTGC 
AGTCCTTTGAGGATTTAGCCAGT ATTTCTACCTA 


3024 


TAGGTAGAAATACTGGCTAAATCCTCAAAGGACTGCAGTTTAC 
TAGTAGTGAACCTTTCACATACAATATCCAGATCTTCTTTCTGT 
TAGATACCAAAAAGATGAGTAAATAATCATGTTA 


3025 


TATTGTATGTGAAAGGT 


3026 


ACCTTTCACATACAATA 


oUZ7 


Non-polyposis 
colorectal cancer 
Ser93Gly 
A6T-GGT 

* 


CTGGATATTGTATGTGAAAGGTTCACTACTAGTAAACTGCAGT 
CCTTTGAGGATTTAGCCAGTATTTCTACCTATGGCTTTCGAGG 
TGAGGTAAGCTAAAGATTCAAGAAATGTGTAAAAT 


3028 

^p^ ^» ^ppj^p^ 


ATTTTACACATTTCTTGAATCTTTAGCTTACCTCACCTCGAAAG 
CCATAGGTAGAAATACTGGCTAAATCCTCAAAGGACTGCAGTT 
TACTAGTAGTGAACCTTTCACATACAATATCCAG 


3029 


ATTTAGC C AGTATTTCT 


3030 


AGAAATACTGGCTAAAT 


OA04 

3031 


Non-polyposis 
colorectal cancer 
ArglOOTerm 
CGA-TGA 


7TCACTACTAGTAAACTGCAGTCCTTTGAGGATTTAGCCAGTA 
TTTCTACCTATGGCTTTCGAGGTGAGGTAAGCTAAAGATTCAA 
GAAATGTGTAAAATATCCTCCTGTGATGACATTGT 


3032 


ACMTGTCATCACAGGAGGATATTTrACACATTTCTTGAATCTT 
TAGCTTACCTCACCTCGAAAGCCATAGGTAGAAATACTGGCTA 

P F P ^PP» ^pr P V F F ^PF ^ppr ■ F^PF* ^PF^ P ^pT ^F^F F W W F^PF ^pF ^ppF m V F F F^PP ^ppF ■ 9 F^ppY W W • V f V ^pF ■ ^pF ^pP ^pF P 9 V 

AATCCTCAAAGGACTGCAGTTTACTAGTAGTGAA 


3033 


ATGGCTTTQGAGGTGAG 


3034 


CTCACCTCGAAAGCCAT 




Non-polyposis 
colorectal cancer 
lle107Arg 
ATA-AGA 


ACCCAGCAGTGAGI1 n 1 C II 1 CAGTC1 ATTTTCTTTTCTTCCT 
TAGGCTTTGGCCAGCATAAGCCATGTGGCTCATGTTACTATTA 
CAACGAAAACAGCTGATGGAAAGTGTGCATACAG 


oUob 


CTGTATGCACACTTTCCATCAGCTGTTTTCGTTGTAATAGTAA 

CATGAGCCACATGGCTTATGCTGGCCAAAGCCTAAGGAAGAA 

AAGAAAATAGACTGAAAGAAAAACTCACTGCTGGGT 


3037 


GGCCAGCAIAAGCCATG 


3038 


CATRRCTTATRrrrRRnn 


3039 



WO 01/73002 



PCT/US01/09761 



-213- 



Non-polyposis 
colorectal cancer 
Thr117Arg 
ACG-AGG 



Non-polyposis 
colorectal cancer 
Thr117Met 
ACG-ATG 



Non-polyposis 
colorectal cancer 
Gly133Term 
GGA-TGA 



Non-polyposis 
colorectal cancer 
Val185Gly 
GTA-GGA 



ton-polyposis 
colorectal cancer 
Ser193Pro 
TCA-CCA 



Non-polyposis 
colorectal cancer 

■ VaP13Mrt 

GTG-ATG 



— _._ — 

TTTt IN I U I CC 1 1 AGGCTTTGGCLAbCA I AAGCCATGTGGC 

TCATGTTACTATTACAACGAAAACAGCTGATGGAMGTGTGCA 
TACAGGTATAGTGCTGACTTCTTTTACTCATA'nn' 

ATATa i bAGTAAAAGAAGTCAGCAC I ATACCTGTATGCACACT 

tocatcagctgttttcgttgtaatagtaacatgagcx:acatg 

GCTTATGCTGflCnAAAGCCT AAfifiAAftAA a a.oa^ 

TATTACAACGAAAACAG — 

CTGTTTTCGTTGTAATA 

,CCI ,AGGCI ' ^GCCAbCA ' AAGCCATGTGGC 

^^ GT ^^ GT ^ GCACTATA CCTGTATGCACACf 

]3S A IS« GCTGmCfi ^ GTAATAGTA ACATGAGCCACATG 
GCTTATGCTGGCCA AAGCCTAAGGAAGA AAA^aaa 

TATTACAACGAAAACAG 
CTGTTTTCGTTGTAATA^ 

rrAA^ ,UrACTbGA ' AI IAATTtG ™» a ' 1 1 1 C rCATTAGA 



flgr- 



3040 



3041 



3045 



TGTGCTGGCAATCAAGGGACCCAGATCA^taa 
I55££S^ C ' ^ G ^CCTTGATTGCCAGCACATGGTTTAG 

AAAATATAACAAA TTAATATCCAGTAGAGA ^ata^a 

ACTCAGATGGAAAACTG " 

CAGTTTTCCATCTGAGT 



TAGTGTuiCil 1 1 1 IGGCMCTCI 1 1 ICTTACTCI 1 1 IGI 1 1 ITC 

^? A ?5 ATTCA ^^ 

TTAAAAAAGTAAGTTCTTGGTTTATfififl(y:AT^ 

^^^^^^' AAA ^ A A G ^ACtTACTWiTFAAC , 

I^^?I^ A ^ GTCT ^ CTG ^ TACCT< 3GAAAAGAAAAACAA 
MGAGTAAGAAA AGAGTTGCCAAAAAC ArArArTA 

GTATTCAGTACACAATG " 
CATTGTGTACTGAATAC 

^'^V^ 1 1 1 ,bl " " rCCAGGIAI I cagtaCacaat 

™5? ATTAGTTTCICAGTTAAAAAA 

GGGGC^TGGTTTTGTTTTATGAAAAGAAAAAA 
TTTTmnn ua I AAAACAAAACCATCCCCCATAMCCAAGA/ 

A^ A SIlir AACTG ^ GAAACTAATGCCTG ^^CTGTACTG 
AATACCTGGAA AAGAAAAACAAAAGA fiTAAriAAA 

TTAGTTTCTCAGTTAAA 

TTTAACTGAGAAACTAA 

1 1 1 U 1 1 TATCAbUAAbbAGAGACAG rAGCTGAI G ITAGGACA " 

CTACCCMTGCCTCMCCfiTGGACMTATTCGCTCCATCmG 
GAAATGCTGTTAGTCGGTATGT^ATAAr cTATATA 



3046 
3047 
304T 



3049 



3050 
3051 
3052 



3053 



3054 
3055 
056 



3057 



3058 
3059 
060 



r C 

WO 01/73002 PCT/US01/09761 

-214- 









TATATAGGnATCGACATACCGACTMCAGCATTTCCAAAGAT 
GGAGCGAATATTGTCCACGGTTGAGGCATTGGGTAGTGTCCT 
AACATCAGCTACTGTCTCTCCTT GCTGATAAACAAA 


3061 


CCTCAACCGTGGACAAT 3062 


ATTGTCCACGGTTGAGG 


3063 


Non-polyposis 
colorectal cancer 
Arg217Cys 
CGC-TGC 


CAAGGAGAGACAGTAGCTGATGTTAGGACACTACr AATGCC 
TCAACCGTGGACAATATTCGCTCCATCTTTGGAAA iCTGTTA 
GTCGGTATGTCGATAACCTATATAAAAAAATCTTTT 


3064 


AAMGATTTTTTTATATAGGTTATCGACATACCGACTAACAGC 
TTTCCAAAGATGGAGCGAATATTGTCCACGGTTGAGGCATTG 
GGTAGTGTCCTAACATCAGCTACTGTCTCTCC7TG 


:65 


ACAATATTCGCTCCATC 


3066 


GATGGAGCGAATATTGT 


3067 


Non-polyposis 
colorectal cancer 
lle219Va! 
ATC-GTC 

• 


GAGACAGTAGCTGATGTTAGGACACTACCCAATGCCTCAACC 
GTGGACAATATTCGCTCCATCTTTGGAAATGCTGTTAGTCGGT 

ATGTCGATAACCTATATAAAAAAATCTTTr ACATTT 


3068 


AMTGTAAMGATTrTTTTATATAGGTTATCGACATACCGACTA 
ACAGCATTTCCAAAGATGGAGCGAATATTGTCCACGGTTGAG 
GCATTGGGTAGTGTCCTAACATCAGCTACTGTCTC 


3069 


TTCGCTCCATCTTTGGA 


3070 


TCCAAAGATGGAGCGAA 


3071 


Non-polyposis 
colorectal cancer 
Gly244Asp 
GGT-GAT 


ctaaTagagaaCtgatagaaattggatgtgaggataaaaccct 
agccttcaaaatgaatggttacatatccaatgcaaactactca 
gtgaagaagtgcatcttcttactcttcatcaaccg 


3072 


CGGTTGATGAAGAGT AAGAAGATGCACTTCTTCACTGAGT AG 
TnGCATTGGATATGTMCCATTCATTTTGAAGGCTAGGGTTT 

TATCCTCACATCCAATTTCTATCAGTTCTCTATTAG 


3073 


AATGAATGGTTACATAT 


3074 


ATATGTAACCATTCATT 


3075 


Non-polyposis 
colorectal cancer 
Ser252Term 
TCA-TAA 


GAtGTGAGGAtAAAACCCTAGCCTTCAAAATGMTGGTTACAl 
ATCCAATGCAAACTACTCAGTGAAGAAGTGCATCTTCTTACTC 
TTCATCAACCGTAAGTTAAAAAGAACCACATGGGA 


3076 


TCCCATGTGG7TCTTTTTAACTTACGGTTGATG' AGAGTAAGA 
AGATGCACTTCTTCACTGAGTAGTTTGCATTGGATATGTAACC 
ATTCATTTTGAAGGCTAGGGTTTTATCCTCACATC 


3077 


AAACTACTCAGTGAAGA 


3078 


TCTTCACTGAGTAGTTT 


3079 


Non-polyposis 
colorectal cancer 
Glu268Gly 
GAA-GGA 


CACCCCTCAGGACAGTTTTGMCTGGnGCTTTCTnTTATTG 
TnAGATCGTCTGGTAGAATCAACTTCCTTGAGAAAAGCCATA 
GAAACAGTGTATGCAGCCTATTTGCCCAAAAACAC 


3080 


GTGTTTTTGGGCAAATAGGCTGCATACACTGTTTCTATGGCTT 
TTCTCAAGGAAGTT GATTCTACCAGACGATCTAAACAATAAAA 
AGAAAGC AACCAGTTCAAAACTGTCCTG AGGG GTG 


3081 


TCTGGTAGAATCAACTT 


3082 



( 



WO 01/7J002 



PCT/US01/09761 



-215- 



Non-polyposis 
colorectal cancer 
Ser269Term 
TCA-TGA 



Non-polyposis 
colorectal cancer 
Glu297Term 
GAA-TAA 



Non-polyposis 
colorectal cancer 
Gln301Term 
CAG-TAG 



Non-polyposis 
colorectal cancer 
Val326Ala 
GTG-GCG 



Non-polyposis 
colorectal cancer 
His329Pro 
CAC-CCC 



AAGTTGATTCTACCAGA 



UUUAGGACAGI I ITGAACTGGtlbU I ICI 1 1 1 IATTGTTTA 

GATCGTCTGGTAGAATCAACTTCCTTGAGAAAAGCCATAGAM 
CAGTGTATGCAGCCTATTTGCCCAAAAACAHArA 



3083 



3084 



TGTGTGTTTTTGGGCAAATAGGCTGCATACACTGTTTCTATGG 

CTTTTCTCMGGMGTTGATTCTACCAGACGATCTAAACAATA 
AAAAGAAAGCAACCAGTrCAAAACTGTCn TftAPinrs 

GGTAGAATCAACTTCCT 
AGGAAGTT GATTCTACC 

urn lUICCCCCrCCOAcTATCrAAGGT AAl IGTTCTCtCTf^ 

TTTTCCTGACAGTTTAGAAATCAGTCCCCAGAATGTGGATGTT 
AATGTGCACCCCACAAAGCATGAAGTTCArTT^ 



3085 



3086 
3087 
1088 



GGAAGTGAACTTCATGCTTTGTGGGGTGCACATTAACATCCA 

CATTCTGGGGACTGATTTCTAAACTGTCAGGAAAATAAGAGAG 
AACAATTACCTTAGATAGTGGGAGGGGGA fiAAAAAft 

ACAGTTTAGAAATCAGT 

ACTGATTTCTAAAnTGT 

CTCCCACTATCTMGGTMTTGnCTCTCnATTTTCCTGACAG 
TTTAGAAATCAGTCCCCAGAATGTGGATGTT AATGTGCACCCC 
ACAAAGCATGAAGTTCACTTCCTGCACGAGGAfiA 



3089 



3090 
3091 
3092 



TCTCCTCGTGCAGGAAGTGAACTTCATGCTTTGTGGGGTGCA 
CATTAACATCCACATTCTgGGGACT GATTTCTAAACTGTCAGG 
AAAATAAGAGAGAACMITACCTTAGATA GTGGnArs 
TCAGTCCCCAGAATGTG 

CACATTCTGGGGACTGA 



3093 



A I li I GUACCCCACAAAGCATGAAb I IUACI I CCFGCACGAGG 

AGAGCATCCTGGAGCGGGTGCAGCAGCACATCGAGAGCAAG 
CTCCTGGGCTCCAATTCCTCCAGGATGTAOTTnAfirnA 



TGGGTGAAGTACATCCTGGAGGAATTGGAGCCCAGGAGCTT 

GCTCTCGATGTGCTGCTGCACCCGCTCCAGGATGCTCTCCT 
CGTGCAGGAAGTGAACTTCATGCTTTGTfiflfifiTfsrArAT 



ggagcgggtgcagcagc 
gctgctgcacccgctcc 



CCauaaagCATGMGTTCACTTCCIGCACGAGGAGAGCATCC" 

TGGAGCGGGTGCAGCAGCACATCGAGAGCAAGCTCCTGGGC 
TCCAATTCCTCCAGGATGTACTTCACCCARGTnAn^p 



3094 
3095 



3097 



3098 
3099 



gccctgacctgggtgaagtacatcctggaggaattggagcc 

CAGGAGCTTGCTCTCGATGTGCTGCTGCACCCGCTCCAGGA 
TGCTCTCCTCGTGCAGGAAGTGAACTTCAT finTrrnTCr2 

GCAGCAGCACATCGAGA 

TCTCGATGTGCTfiCTra 



3100 



3101 



3102 
3103 



c ', 

WO 01/73002 PCT/US01/09761 

-216- 









Non-polyposis 

rnlnrprtal cancpr 

Val384Asp 
GTT-GAT 


w/v\o I w I On^u 1 vw iwi 1 V I rtw M vi uunnv? i no i van i nnuv i 

CTATGCCCACCAGAT66TTCGTACAGATTCCCGGGAACAGAA 
GCTTGATGCATTTCTGCAGCCTCTGAGCAAACCCCT 


3104 


AGGGGTTTGCTCAGAGGCTGCAGAAATGCATCAAGCTTCTGT 

Trnnf^MAATCTCTACf^ACCATCTGGTGGGCATAGACCTTA 
TCACTACTTCCAGAAGTAGAAGACGAGGTCAGACTTG 


3105 


CCAGATGGTTCGTACAG 


3106 


PTHT APft A A PP ATPTT5f5 
UiOl AUoAML»UA 1 U 1 Oo 




Non-polyposis 

colorectal cancer 

Ala441Thr 

GCT-ACT 


Af^raftPAftftftPTAftGPAfiPAAGATGAGGAGATGP I I GAAPT 

1 OOOMO OO w 1 MOOwMOwnMOn 1 OrVOOMOM 1 Ow 1 1 Onnw 1 

CCCAGCCCCTGCTGAAGTGGCTGCCAAAAATCAGAGCTTGGA 
GGGGGATACAACAAAGGGGACTTCAGAAATGTCAGAGA 




TCTCTGACATTTCTGAAGTCCCCTTTGTTGT ATCCCCCTCCAA 
GCTCTGA 1 1 II 1 GGCAGCCACTTCAGCAGGGGCTGGGAGTTC 
AAGCATCTCCTCATCTTGCTGCCTAGCCCTGCCACT 


3109 


CTGAAGTGGCTGCCAAA 


3110 


TTTGGrAGCrAfTnTAG 


3111 

will 


Non-polyposis 
colorectal cancer 
Arg487Term 
CGA-TGA 


PTTPATT/^PAfSAAAf2AfiAPATPft/^AAf.5A I 1 / k IT2A7T?TY2GAA 
1/ 1 1 UA 1 1 ol/AoAAAoAoAUA 1 OOOOAnoA If U 1 urt 1 O 1 00/v\ 

ATnrrr/^ri a a^ at^ attppph a a AfiG a a aty^ aptgp agpttgt 

A 1 bo 1 OOnAuA 1 on 1 1 UUOoAAAOoAAA 1 UnU 1 OUMUV/ 1 1 0 1 

ACCCCCCGGAGAAGGATCATTAACCTCACTAGTGT7T 


Mi? 


AAACACTAGTGAGGTTAATGATCCTTCTCCGGGGGGTACAAG 

PTftPA<yrPATTTPPTTTPfirV5AATPATPTTPPAPPATTTPPAP 
L/ 1 UOnu 1 Un 1 1 1 Vsw 1 1 1 wUUUnn 1 wM loll l/VsAV/w/> 1 i 1 wrtu 

ATCAGAATCTTCCCGATGTCTCTTTCTGCAATGMG 


3113 




ATGATTCCCGAAAGGAA 


3114 


TTPPTTTP/5/5PA ATPAT 

I lOOi 1 lOoooAAiLrAi 


Hi* 


Non-polyposis 

Ala492Thr 
6CA-ACA 


A P A P ATP Clflfl A A ATTPTfi ATf2Tf2f5 A A ATf2S2Tf2CA Aft ATftAT 

AoALA I UoooAAoAl 1 U 1 oA 1 o 1 ooAAA 1 bo 1 ooAAoA 1 oAl 
TrrrGAAAGGAAATGACTGCAGCTTGTACCCCCCGGAGAAG 
GATCATTAACCTCACTAGTGmTGAGTCTCCAGGMG 


o I ID 


CTTCCTGGA6ACTCAAAACACTAGTGAGGTTAATGATCCTTCT 

PPft^5rV5ftfCTAPAAftPTftPACTPATTTPPTTTPRftftAATPATP 

TTCCACCATTTCCACATCAGAATCTTCCCGATGTCT 


3117 


AAATGACTGCAGCTTGT 


3118 


A P A A (irTfZC A^TP ATTT 
AUAAoL/ 1 OU AO 1 V/A 1 1 1 


O 1 1 9 


Non-polyposis 

rnlnrprtal rancpr 

wUIUIwvlGU UOlluCI 

Val506Ala 
GTT-GCT 


" PPPfi A A A^/^A A ATf^ APT^P Af^f^lT^T APPPPPPG^AG A AGG 
UOUoAAAooAAA 1 OAU 1 Uvnbb 1 1 0 1 AUUwUL»UOOnOnMOO 

ATCATTMCCTCACTAGTGTTTTGAGTCTCCAGGAAGAAATTA 
ATGAGCAGGGACATGAGGGTACGTAAACGCTGTGGCC 




GGCCACAGCGTTTACGTACCCTCATGTCCCTGCTCA7TAATTT 
PTrCCTGGAGACTCAAAACACTAGTGAGGTTAATGATCCTTCT 
CCGGGGGGTACAAGCTGCAGTCATTTCCTTTCGGG 


3121 


CACTAGTGTTTTGAGTC 


3122 


GACTCAAAACACTAGTG 


3123 


Non-polyposis 
colorectal cancer 
Gln542Leu 


GGGAGAtGTTGCAtAACCACTCCTTCGTGGGCTGTGTGAATC 
CTCAGTGGGCCTTGGCACAGCATCAAACCAAGTTATACCTTC 
TCAACACCACCAAGCTTAGGTAAATCAGCTGAGTGTG 


3124 



CAG-CTG . 



WO 01/73002 

PCT/US01/09761 

-217- 




Non-polyposis 
colorectal cancer 
Leu549Pro 
CTT-CCT 



Non-polyposis 
colorectal cancer 
Asn551Thr 
AAC-ACC 



Non-polyposis 
colorectal cancer 
Gln562Term 
CAG-TAG 



Non-polyposis 
colorectal cancer 
He565Phe 
ATT-TTT 



Non-polyposis 
colorectal cancer 
Leu574Pro 
CTC-CCC 



I^™ GmGATGCIGTGCCAAGG CCCACTGAGGAnC 
ACACAGCCCACG AAGGAGTGGTTATfiPAA ^TrTrrv 

CTTGGCACAGCATCAAA " " 



TTTGATGCTGTGCCAAG ^ 

CCJTCGT^^ 

?*I^S CMGmTACC ^ CTCMCACG ACCMGmA(3GT 
AAATCAGCTGAGTGTGTGAACAAGCAGAGCTAC TACA 

J25£^ ,U,UUI ,CjTTCAC ACACTCAGCTGATTTACCTAA 

CCAAGGCCCACT GAGGATTCACACARnnr ArnAA^ 
GTTATACCTTCTCAACA 

1GTTGAGAAGGTATAAC 




3129 



' ' b 1 UU ' ^AU I C3GGCL 1 1 GGCACAGCATCAAA 

rcAAGTTATACCTTCTCAACACCACCAAGCTTAGGTAAATCAG 
CTGAGTGTGTGA ACAAGCAGAGCT ACTACAArnATn 

CATTGTTl. i I AC3CTCTGCTTGTTCACACACTCAGCTGATTT 

ACCTMGCTTGGTGGTGITGAGAAGGTATAACTTGGTTTGATG 
CTGTGCCAAGGC CCACTGAGGATTOAPA rA^rA 

CCTTCTCAACACCACCA 
I CjGTGGTGTTGAGAAGG 



3T3T 



T^AA^TGTTCTACCAGATACTCAmATGATTTTGCCAATT 
TTGGTGTTCTCAGGTTATCGGTAAGTTTAfiATr. 

SSJSff^' ' ACC GATAACCTGAGAACACCAAAATTGGCAAA 

^I?^!^^ G ^ ATG ^ G ^ AG A A CAGTTCTTCACTGAAAATA 
AAAATGAAGT GACTTTAAGGAAAAGrT fiAATrrAT 

TGTTCTACCAGATACTC 

GAGTATCTGGTAGAAHA 

GCTrTTCCTTAAAGTCACTTCATTTI IAI 1 1 i CAGTGAAGAACT 

GTTCTACCAGATACTCAmATGATmGCCMTmGGTGTTC 
TCAGGTTATCGGTAAGTTTAGATCCTTTTCACT 

A S?^ GGATC ' AAACTTA CCGATAACCTGAGAACACCAAA 

ATTGGCAAAATCATAAAIGAGTATCTGGTAGAACAGTTC7TCA 
CTGAAAATAAA AATGAAGTGACnTAA^ AA a tnr 

AGATACTCATTTATGAT 

ATCATAAATGAGTATCT 

1 1 1 J ^AGTGAAGAAC'TGTTCTACCAGA I ACTGATTTATbn 
GCCAArT^GGTGTT(^AGGTTATC 
nCACTTCTGAAATTTCAACTGATCGTTTCTGAA 
TTCAGAAACGA I CAGTTGAAATTTCAGAAGTGAAAAGGATCTA 

MCmcCGATMCCTGAGMCACCAAAATTGGCAAAATCATA 
AATGAGTATCTGGT AGAACAGTTCTT CAnTfiAAAA 

IGGTGTTCTCAGGTTAT 



3133 



3137 



3141 



3145 



3146 



r C 

WO 01/73002 PCMJS01/09761 

-218- 



■■■■MM 




Mom 


ATAACCTGAGAACACCA 




Non-polyposis 
colorectal cancer 
Leu582Val 
CTC-GTC 


TGGATGCTCCGTTAMGCTTGCTCCTTCATGTrCTTGCTTCTT 

CCTAGGAGCCAGCACCGCTCTTTGACCTTGCCATGCTTGCCT 

TAGATAGTCCAGAGAGTGGCTGGACAGAGGMGATG 


0 IHO 


CATCTTCCTCTGTCCAGCCACTCTCTGGACTATCTAAGGCAA 
GCATGGCAAGGTCAAAGAGCGGTGCTGGCTCCTAGGMGAA 
GCAAGAACATGAAGGAGCAAGCTTTAACGGAGCATCCA 


3149 


CAGCACCGCTCTTTGAC 


3150 


GTCAAAGAGCGGTGCTG 


o ID I 


Non-polyposis 
colorectal cancer 

Leu607His 
CTT-CAT 


TGCTTGCCTTAGATAGTCCAGAGAGTGGCTGGACAGAGGAAG 
ATGGTCCCAAAGAAGGACTTGCTGAATACATTGTTGAGTTTCT 

GAAGAAGAAGGCTGAGATGCTTGCAGACTATTTCTC 


OIDZ 


GAGAAATAGTCTGCAAGCATCTCAGCCTTCTTCTTCAGAAACT 
CAAC AATGTATTCAGCAAGTCCTTCTTTGGGACC ATCTTC CTC 
TGTCCAGCCACTCTCTGGACTATCTAAGGCAAGCA 


3153 


AGAAGGACTTGCTGAAT 


3154 


ATTCAGCAAGTCCTTCT 


11**; 


Non-polyposis 
colorectal cancer 
Lys618Term 
AAG-TAG 


ACAGAGGAAGATGGTCCCAAAGAAGGACTTGCTGAATACATT 
GTTGAGTTTCTGAAGAAGAAGGCTGAGATGC1TGCAGACTAT 
TTCTCTTTGGAAATTGATGAGGTGTGACAGCCATTCT 


11 Cft 


AGAATGGCTGTCACACCTCATCAATTTCCAAAGAGAAATAGTC 
TGCAAGCATCTCAGCCTTCTTCTTCAGAAACTCAACAATGTAT 
TCAGCAAGTCCTTCTTTGGGACCATCTTCCTCTGT 


3157 


TGAAGAAGAAGGCTGAG 


3158 


CTCAGCCTTCTTCTTCA 


3159 


Non-polyposis 
colorectal cancer 
Lys618Thr 
AAG-ACG 


caGaggaagAtggtcccaaagaaggacttgctgaatacattg 
ttgagtttctgaagaagaaggctgagatgcttgcagact attt 
ct ctttggaaattgatgaggtgtgacagcc attctt 


11 Aft 


AAGAATGGCTGTCACACCTCATCAATTTCCAAAGAGAAATAGT 
CTGCAAGCATCTCAGCCTrCTTCTTCAGAAACTCAACAATGTA 
TTCAGCMGTCCnCTTTGGGACCATCTTCCTCTG 


3161 


GAAGAAGAAGGCTGAGA 


3162 


TCTCAGCCITCnCTTC 


3163 


Non-polyposis 
colorectal cancer 
Arg659Leu 
CGA-CTA 

• 


TACCCCTTCTGATTGACAACTATGTGCCCCCTTTGGAGGGAC 

TGCCTATCTTCATTCTTCGACTAGCCACTGAGGTCAGTGATCA 

AGCAGATACTAAGCA7TTCGGTACATGCATGTGTGC 


11RA 
JIM 


GCACACATGCATGTACCGAAATGCTTAGTATCTGCTTGATCAC 
TGACCTCAGTGGCTAGTCGAAGAATGAAGATAGGCAGTCCCT 
CCAAAGGGGGCACATAGTTGTCAATCAGAAGGGGTA 


3165 


CATTCTTCGACTAGCCA 


3166 


TRRnTARTCPSAAPJAATfi 


31 R7 



WO 01/73002 



PCT/US01/09761 



-219- 



m-polyposis 
colorectal cancer 
Arg659Pro 
CGA-CCA 



Non-polyposis 
colorectal cancer 
Arg659Term 
CGA-TGA 



Non-polyposis 
colorectal cancer 
Ala681Thr 
GCT-ACT 



Non-polyposis 
colorectal cancer 
Trp712Term 
TGG-TAG 



lon-polyposis 
colorectal cancer 
Trp714Tenm 
TGG-TAG 



Non-polyposis 
colorectal cancer 
Trp714Term 
TGG-TGA 



iauuuu rCTGATTGACAACTATG I GCGCCC 1 1 IGGAgGGAC 

TGCCTATCTTCATTCTTCGACTAGCCACTGAGGTCAGTGATCA 
AGCAGATACTAAGCATTTCGGTACATGCATGTGTGC 

GCACACATGCATGTACCGAMTGCTTAGTATCTGCTTGATCAC 

TGACCTCAGTGGCTAGTCGAAGAATGAAGATAGGCAGTCCCT 
CCAAAGGGGGCACATAGTTGTCAATCA GAARRfiflTA 

CATTCTTCGACTAGCCA 
TGGCTAGTCGAAGAATG 



3168 



3169 



3170 
3171 



CTGCCTATCTTCATTCTTCGACTAGCCACTGAGGTCAGTGATC 
AAGCAGATACTAAGCATTTCGGTACATGCATGTGTG 

CACACATGCATGTACCGAAATGCTTAGTATCTGCTTGATCACf 

GACCTCAGTGGCTAGTCGAAGAATGAAGATAGGCAGTCCCTC 
CAAAGGGGGCACATAGTTGTCAATCAGA AfififlfiTAA 

TCATTCTTCGACTAGCC 

GGCTAGTCGAAGAATGA 

TTGGACCAGGTGAATTGGGACGAAGAAAAGGAATGTTTTGAA 

AGCCTCAGTAAAGAATGCfiCTATGTTCTATTCCATCCGGAAG 
CAGTACATATCTGAGGAGTCGACCCTCTCAGGCCAGC 

GCTGGCCTGAGAGGGTCGACTCCTCAGATATGTACTGCTTCC 

GGATGGMTAGAACATAGCGCATTCTTTACTGAGGCTTTCAAA 
ACATTCCTTTTCTTCGTCCCAATTCA CCTGGTnrAA 

AAGAATGCGCTATGTTC 
GAACATAGCGCATTCTT 



3T72 



3173 



AGGL 1 1 A I bACA IUAAIGIGIIII CCAGAG I GAAGTGCCTGG 

CTCCATTCCAAACTCCTGGAAGTGGACTGTGGAACACATTGT 
CTATAAAGCCTTGCGCTCACACATTCTGCCTCCTAA 

TTAGGAGGCAGAATGTGTGAGCGCAAGGCTTTATAGACMTG 

TGTTCCACAGTCCACTTC£AGGAGTTTGGAATGGAGCCAGGC 
ACTTCACTCTGGAAAACACATTAGA TGTCATAAfirrT 

AAACTCCTGGAAGTGGA 

TCCACTTCCAGGAGTTT 

A I GACATCTAA I G I G 1 1 1 1 CCAGAG FG AAGTGCCTGGCTCCAT 

TCCAAACTCCTGGAAGTGGACTGTGGMCACATTGTCTATAAA 
GCCTTGCGCTCACACATTCTGCCTCCTAAACATTT 

AAATGTTTAGGAGGCAGAATGTGTGAGCGCAAGGCTTTATAG 

ACAATGTGTTCCACAGTCCACTTCCAGGAGTTTGGAATGGAG 
CCAGGCACTTCACTCTGGAAAACACAT TAGATfiTfiAT 

CTGGAAGTGGACTGTGG 

CCACAGTCCACTTCCAG 

TGACATCTAATGTGTTTTCCAGAGTGAAGTGCCTGGCTCCATT 

CCAAACTCCTGGAAGTGGACTGTGGAACACATTGTCTATAAA 
GCCTTGCGCTCACACATTCTGCnTnr.TAAArATrrr 



3174 
3175 
3176 



3177 



3178 
3179 
3T80" 



3181 



3185 



3186 
3187 
3188 



WO 01/73002 PCT/US01/09761 

-220- 







SEQID 




GAAATGTTTAGGAGGCAGAATGTGTGAGCGCAAGGCTTTATA 
GACAATGTGTTCCACAGTCCACTTCCAGGAGTTTGGAATGGA 
GCCAGGCACTTCACTCTGGAAAACACATTAGATGTCA 


3189 


TGGAAGTGGACTGTGGA 


3190 


TrrArAfiTCCACTTCCA 


3191 


Non-polyposis 
colorectal cancer 
Val716Met 
GTG-ATG 


ATnTAATRTGTTTTCCAGAGTGAAGTGCCT^CTCCATTrCAA 

rtl wl MA 1 U 1 v 1 1 1 1 wwAVjnv 1 wAAW 1 www 1 www 1 vvn 1 i v/unn 

ACTCCTGGAAGTGGACTGTGGAACACATrGTCTATAAAGCCTT 
GCGCTCACACATTCTGCCTCCTAAACATTTCACAG 


119? 


CTGTGAAATGTTTAGGAGGCAGAATGT GTGAGCGCAAGGCTT 
TATAGACAATGTGTTCCACAGTCCACTTCCAGGAGTTTGGAAT 
GGAGCCAGGCACTTCACTCTGGAAAACACATTAGAT 


3193 


AGTGGACTGTGGAACAC 


3194 


RTfiTTrfiACAGTCCACT 

w 1 w 1 1 uwAynVJ 1 wvAv 1 




Non-polyposis 

AAlAraA+al ^anror 
UUIUI cUldJ Udl lCcl 

Tyr721Temi 
TAT-TAA 


GAGTGAAGTGCrTGGCTnCATTPCAAAnTnrTGGAAGTGGAn 

wAw 1 uAnU 1 www 1 www 1 wwA 1 1 wwMAMw 1 WW 1 wwMAw 1 wVJMw 

TGTGGAArArATTGTrTATAAAGrrTTGPGrTrArACATTCTG 

1 w 1 wwAMwMwA 1 1 w 1 w 1 ni nnnUOv 1 1 w w w w 1 wAw AwM 1 1 w 1 w 

CCTCCTAAACATTTCACAGAAGATGGAAATATCCTG 




CAGGATATTTCCATCTTCTGTGAMTGTTTAGGAGGCAGAATG 
TGT(5AGCGCAAf5GCTTTATAGACAATGTGTTCCACAGTCCAC 

1 W 1 wMwww vAHUvw 1 1 IAI AV3nvAn f W 1 w 1 1 uwnunU 1 w wAw 

TTCCAGGAGTTTGGAATGGAGCCAGGCACTTCACTC 


3197 


ATTGTCTATAAAGCCTT 


3198 


AAft^PTTTATAttAPAAT 




Non-polyposis 

colorectal cancer 

Lys751Arg 
AAA-AGA 


PTAAAPATTTPAPAftAAftATCftAAATATPPTftPAfiPTTftPTAA 
w 1 aaaUa I 1 I UnunWOn 1 uonnM 1 A 1 w w 1 MO w 1 1 V3 w I AM 

CCTGCCTGATCTATACAAAGTCTTTGV\GAGGTGTTAAATATGG 
TTATTTATGCACTGTGGGATGTGTTCTTCTTTCTC 




GAGAAAGAAGAACACATCCCACAGTGCATAAATAACCATATTT 

AAnArfTrTCAAARArTTTCiTATARATrARfiCAGGTTAGnAAG 

AAwAvO I w I wn/v\wnv • I I viAi nwA I wAwwwAww i i nvjwnnvj 

CTGCAGG^TATTTCCATCTTCTGTGAAATGTTTAG 


3201 


TCTATACAAAGTCTTTG 


3202 


PAAAfSAPTTTfiTATAfiA 
onnnuAU 1 1 1 OIai nun 




Non-polyposis 
colorectal cancer 
Arg755Trp 
AGG-TGG 


APAftAAGATGGAAATATPPTGPAGPTTGPTAAnPTGnPTGAT 
nvnUnnUft I wwAMA I n t w w l wwAw w I I ww l rtrtww I www i on i 

CTATACAAAGTCTTTGAGAGGTGTTAAATATGGTTATTTATGCA 
CTGTGGGATGTGTTCTTCTTTCTCTGTATTCCGAT 


3204 


ATCGGAATACAGAGAAAGAAGAACACATCCCACAGTGCATAA 
ATAACCATATTTAACACCTCTCAAAGACTTTGTATAGATCAGG 
CAGGTTAGCAAGCTGCAGGATATTTCCATCTTCTGT 


3205 


TCTTTGAGAGGTGTTAA 


3206 


TTAACACCTCTCAAAGA 


3207 



EXAMPLE 18 
Human mismatch repair * MSH2 

The human MSH2 gene is homologous to the bacterial mutS gene, which is involved in 
mismatch repair. Mutations in the MSH2 gene have been identified in a variety of cancers, including, for 
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example, ovarian tumors, colorectal cancer, endometrial cancer, uterine cancer. The attached table 
discloses the correcting oligonucleotide base sequences for the MSH2 oligonucleotides of the invention. 



Table 25 

MSH2 Mutations and Genome-Correcting niin^ 



Non polyposis 
colorectal cancer 
Gln252Term 
CAG-TAG 



Non polyposis 
colorectal cancer 
Gln288Term 
CAG-TAG 



Non polyposis 
colorectal cancer 
Ala305Thr 
GCA-ACA 



Non polyposis 
colorectal cancer 
Gly322Asp 
GGC-GAC 



Non polyposis 
colorectal cancer 
Ser323Cys 
TCT-TGT 



T7TTCCACAAMGACATTTATCAGGACCTCAACCGGTTGTTGA 

AAGGCAAAAAGGGAGAGCAGATGAATAGTGCTGTATTGCCAG 
AAATGGAGAATCAGGTACATGGATTATAAATGTGAA 

II^ AmATMTCCATGTACCT ^ CT CCATnCTGGCAAT 

ACAGCACTATTCATCTGCTCTCCC7TTTTGCCTTTCAACAACC 
GGTTGAGGTCCTGATAAATGTCT TTTGTfinAAAA 

AGGGAGAGCAGATGAAT 
ATTCATCTGCTCTCCCT 

I UA l UACTGTC1 GCGGTAATCAAG 1 1 1 1 lAGAACTCTTATCAG" 

ATGATTCCMCmGGACAGTTTGAACTGACTACTTTTGACn 
CAGCCAGT ATATGAAATTGGATATTGCAGCAGTCA 

TGACTGCTGCAATATCCAATTTCATATACTGGCTGAAGTCAAA 

AGTAGTCAGTTCAAACTGTCCAAAGTTGGAATCATCTGATAAG 
AGTTCTAAAAACTTGATTACCGCAGACA fTrfiATCA 

ACTTTGGACAGTTTGAA 
TTCAAACTGTCCAAAfiT 



3208 



3209 



3210 
3211 



3213 



3214 
3215 
3216 



AACTTTGGACAGTnGAACTGACTACTTTTGACTTCAGCCAGT 

ATATGAAATTGGATATTGCAGCAGTCAGAGCCCTTAACCTTTT 
TCAGGTAAAAAAAAAAAAAAAAAAAAAAAAAAAGG 

SSLL' ' 1 ' 1 1 1 1 1 1 1 1 > ' 1 1 1 1 1 1 1 1 III ACCTGAAAAAGGTTAAG 1 3217 

GGCTCTGACTGCTGCAATATCCAATTTCATATACTGGCTGAAG 
TCAAAAGTAGTCAGTTCAAACTGTC CAAAfiTT 

TGGATATTGCAGCAGTC 

GACTGCTGCAATATCCA 

AUCiTGCCATTU I IUAI 1 1 IAI 1 1 1 1 IUI I 1 AC IAGGGTTCT 

GTTGAAGATACCACTGGCTCTCAGTCTCTGGCTGCCTTGCTG 
AATAAGTGTAAAACCCCTCAAGGACAAAGACTTGT 
ACAAGTCTTTGTCCTTGAGGGbl 1 1 1 ACAC I TATTCAGCAAGG 1 3221 

CAGCCAGAGACTGAGAGCCAGTGGTATCTTCAACAGAACCCT 
AGTAAACAAAAAATAAAATAGAAAGAAT fiGnAAnrr 

TACCACTGGCTCTCAGT 

ACTGAGAGCCAGTGGTA 

l IUUUA t TCTTTC I A 1 1 1 IAI 1 1 1 1 IGI 1 1 AC I AGGGTTCTGTTG 

AAGATACCACTGGCT£TCAGTCTCTGGCTGCCTTGCTGAATA 
AGTGTAAAACCCCTCAAGGACAAAGACTTGTTAA 

Vr^^S J ^ GJCCU ^^ G]U i ^^f<TTCAGCf< 1 3225 

AGGCAGCCAGAGACTGAGAGCCAGTGGTATCTTCAACAGAAC 
CCTAGTAAACAAAAAATAAAATAfiAAAaAATCrirA^ 



r C 
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mil 




CACTGGCTCTCAGTCTC 


3226 


/^Af2APTC!ACAf2PPA^T72 
oAbAb 1 bAoAbUUAo 1 0 




Non polyposis 

UUiUlcULCU bal 11*61 

Arg383Tenn 
CGA-TGA 


pTpp a A fcPI 1 I IfTTAf^A Afi ATPP AP A ATTP LCZCZC Afi APTTTA 
o 1 bwAAbb I 1 J 1 o 1 AbAAVjA 1 ul/AuAA 1 1 UAOwUnuMU II 1 A 

CAAGAAGATTTACTTCGTCGATTCCCAGATCTTAACCGACTTG 
CCAAGAAGTTTCAAAGACAAGCAGCAAACTTACAAG 




CnGTMGTTTGCTGCTTGTCTTTGAAACTTCTTGGCAAGTCG 

PTT A A P ATPT^/^P A ATPfi APft A A/TTA A ATPTTPTTfTTA A ACZTC 
0 1 1 MAvJA 1 0 1 OXJwMM 1 UUnbOnnu J MAM 1 0 1 1 1/ 1 1 w 1 nnMU 1 W 

TGCCTCAATTCTGCATCTTCTACAAMGCTTCCAC 


3229 


TACTTCGTCGATTCCCA 


3230 


TPPPA ATPP APPA APT A 

1 bbbAA 1 L/bAUbAAb 1 A 




Non polyposis 

OUIulcULoi bdiiwCi 

Gln397Term 
CAA-TAA 


P A A P A A P A 1 1 1 APTTPPTPP ATTPPP A P ATPTT A A PPf i A PTTft 

uAAbAAoA 1 1 1 Ab I 1 Ub 1 bbA 1 1 LbbAbA lull AAObuAb 1 1 o 

CCMGMGTTrCAAAGACAAGCAGCAAACTTACAAGATTGTTA 
CCGACTCTATCAGGGTATAAATCAACTACCTMTG 




CATTAGGTAGTTGATTTATACCCTGATAGAGTCGGTAACAATC 

TTCTAAfSTTTfiPTfyrTftTfM 1 1 fcAAAPTTPTTfyyAAfYrPftft 
1 1 VJ 1 MMO 1 1 1 1 v3w 1 1 19 1 L> 1 1 1 UnnnU Mull UUunnO 1 oV3u 

TTAAGATCTGGGAATCGACGAAGTAAATCTTCTTG 


3233 


TTCAAAGACAAGCAGCA 


3234 


TPPTPPTTrTP IMP A A 

TbbTbbl IGILI 1 IbAA 




Non polyposis 
colorectal cancer 
Arg406Term 
CGA-TGA 


PATPTTA A PPP A PTTPPP A A/"** A APTTTT^A A A/^AP A APP APPA 

bAIbl lAALObALI IbbbMAbAAbl 1 1 bAAAbAbMAbuAbbA 

A AOTTAPA AP ATTPTT A PPP A OTPT ATP APPPT AT A A ATP A AP 

AAbTTAbAAbAI lbl 1 AbCbAblbl AlbAbbbl AlAAAIbAAb 

TACCTAATG7TATACAGGCTCTGGAAAAACATGAAG 


oooc ^1 


CTTCATGTTTnCCAGAGCCTGTATMCAnAGGTAGTTGATTT 

AT A nr k f s TC' AT A P A PTP/iPT A A P A ATPTTPTA A PIMP PTPPTT 

AlAbbbloAl AbAblbbbl AAbAAIbl IblAAbl 1 loblbUI 1 

GTCTTTGAAACTTCTTGGCAAGTCGGTTAAGATC 


3237 


ATTGTTACCGACTCTAT 


3238 


ATAGAGTCGGTAACAAT 


ozoy 


Non polyposis . 
coior ccid) cancer 
Gln419Term 
CAG-TAG 


a a a A-rr A /** A Af^ATTPTTAPOPAPTOTATPArrV^TATAAATP 

GCAMCTTACMGATTGTTACCGACToTA 1 LAbob 1 A 1 AAA 1 b 
AAPTAPPTAATCTTATArAf5GPTrTGGAAAAArATGAAGGTAA 

MMw 1 Mw 1 MM 1 VJ 1 1 A 1 MwAVJOw 1 w 1 OOrtnnnnwA 1 VJArWjVJ I nn 

CAAGTGAI 1 1 IGI 1 1 1 1 1 IGI 1 1 ICCI ICAACTCA 




TGAGTTGAAGGAAAACAAAAAAACAAAATCACTTGTTACCTTC 

ATPTTTTTPP AP APPPTflT AT A A P ATT A PPT A PTTPATTTATAP 
A 1 0 1 1 1 M OUAwMjUU 1 \J 1 A 1 MAUA 1 1 A13VJ 1 MvJ 1 1 wA 1 1 1 A 1 MO 

CCTGATAGAGTCGGTAACAATCTTGTAAGTTTGC 


3241 


ATGTT ATACAGGCTCTG 


3242 


l» AoAboU 1 o 1 A 1 AAO A 1 




Non polyposis 
colorectal cancer 
Gln429Term 
CAG-TAG 

- - 


T ATTATpT A A A ATfAPATP IIIMAIIirMlirMIII APTAr* 1 1 1 

TAITLilolAAAAIbAbAIUl 1 1 1 1AI 1 llsl ! So! S 1 IAL.IAUI 1 1 

CTTTTAGGAAMCACCAGAMTTATTGTTGGCAGTTTTTGTGA 
CTCCTCTTACTGATCTTCGTTCTGACTTCTCCA 




TGGAGAAGTCAGAACGAAGATCAGTAAGAGGAGTCACAAAAA 
CTGCCMCMTMTTTCTGGTGTTTTCCTAAAAGAAAGTAGTA 
AAACAAACAAATAAAAAGATCTC A 1 1 1 IACAGAATA 


3245 


GAAAACACCAGAAATTA 


3246 


TAATTTCTGGTGTTTTC 


3247 
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Mutation 

won polyposis 
colorectal cancer 
Leu458Term 
TTA-TGA 



i>.«y: : : : :;>>>:*:: 



3249 



Non polyposis 
colorectal cancer 
Gln518Term 
CAG-TAG 



Non polyposis 
colorectal cancer 
Arg524Pro 

CGT-CCT 



ion polyposis 
colorectal cancer 
Glu562Val 
GAG-GTG 



Glioma 

Glu580Term 
GAA-TAA 



Non polyposis 
colorectal cancer 

GlnfiniTp, 

CAG-TAG 



3250 
3251 
3252 



3253 



3254 
3255 
3255" 



UUAGTGCACAGTTTGGA 

TCCAAACTGTGCACTCfl 

^MUtiAUCCTGbLAAACAGATTAAALlbiiAIICCAGrGCAC I 

CCTTCGTAACAATAAAAACTTTAGT AHTfcTAftATAT^^ 
ATATCIALAblALIAAAGI 1 1 1 1 ATTG 1 1 ACGAAGGACTTTI IC 1 3257 

GMTCCAGTTTAA TCTGTTTGCCAGGRT rnAA^r 
TTACTTTCGTGTAACCT 

AGGTTACACGAAAGTAA 

*aiai 1 1 1 1 AA I AAAAC I GTTATTTCGA 



r 1 . I ' ' 1 *A 1 AAAACTGTI A ITTCGATn GCAGCAAATTGA 

ACAATTTCTTT AACMTGGCATCCTGGGCTTCTTCATATTnTRT 

AAATCGAMTAACAGTTTTATTAAAAATATTAA 

AAA l GAAGAGTATACCA 

TGGTATACTCTTCATTT 



3258 

3259 
3265" 



3261 



3262 



^7^5 AnOT ^^ CTC MTAmcnCAG(3TAM 
CTTAATAGAACTMTAATGTTCTGAATfiTrArnT 

^SI^^^^^GCATCCTGGGCTTCTT 
CATATTCTGTTTT ATTTTTGGT ATACT nTTHATT 

TT^TTA A A/^ A A ATTOTA 



3263 
3264 



3265 



1 1 CjTTAAAGAAATTGTC 
GACMTTTCTTTAACAA 

rT^rnrnii ATALA ^ C ' A 'GTAGAACCAA I GCAGACACT 



3266 
3267 
568" 



C ( 
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GTACATATGGAACAGGTGCTCCATTTGACACGTGAGCAAAGC 

TGACAACAGCATCTAGCTGAGCTAACACATCATTGAGTGTCTG 

CATTGGTTCTACATAGCCTGTATAAAAATAAAAACA 


3269 


TGTTAGCTCAGCTAGAT 


3270 


ATPTAftPTftAftPTAAPA 

M 1 O 1 MOO 1 OMOO \ MMOM 




Non polyposis 
colorectal cancer 
Tyr619Term 
TAT-TAG 


MOW 1 OMOO 1 MOM 1 OO 1 0 1 1 0 1 OMOO 1 1 1 UU 1 OMOO I VJ 1 OMMM 1 

r^AftPArrT^TTrPATATr^TAPRArrA^rrATTTT^AnAAA 

OOMOOMOO 1 O 1 1 OOM 1 M 1 0 1 MOOMOOMOOOM 1 1 1 1 OOMOMMM 

6GACAAGGAA6AATTATATTAAAAGCATCCAGGCAT 




ATGCCTGGATGCTTTTAATATAATTCTTCCTTGTCCTTTCTCCA 

nnn 1 www 1 Ou I 1 nun 1 r\ 1 O OMr\Or\ww 1 ww 1 wwn I I I unun 

CGTGAGCAAAGCTGACAACAGCATCTAGCTGAGCT 


3273 


GTTCCATAIGTACGACC 


3274 


ftfTTPCTAPATATfSftAAP 
OO 1 OO 1 MUM 1 M 1 OOMMO 




Non polyposis 

rnlfirprtal rancpr 

Arg621Term 
CGA-TGA 


PA^TAftAT^PTfflT^TPA^PTTTr^PTPAPCTr^TPAAATf^^A 

OMOO 1 MOM 1 OO 1 0 1 lOl OMOO 1 1 1 OO 1 uMUO 1 O 1 OMMM 1 OOM 

GCACCTGTTCCATATGTACGACCAGCCATTTTGGAGAAAGGA 
CAAGGAAGAATTATATTAAAAGCATCCAGGCATGCTT 




MGCATGCCTGGATGCTTTTAATATAATTCTTCC7TGTCCTTTC 

TPrAAAATfifirTf^RTrfiTArATATRRAAPARfiTftPTfTATTT 
1 vwnnnn 1 uOu 1 w w 1 w w 1 f\\jf\ 1 r\ 1 Ow/\r\wr\ww 1 uv 1 vwn 1 1 1 

GACACGTGAGCAAAGCTGACAACAGCATCTAGCTG 


3277 


CATATGTACGACCAGCC 


3278 


ooo 1 oo 1 oo 1 AO A 1 A 1 o 




Non polyposis 

Pro622Leu 
CCA-CTA 


1 AoA 1 oO 1 o 1 1 o 1 oAoO I 1 1 oo 1 OAOo 1 o 1 OAAA 1 ooAoOAO 

PTRTTPPATATGTACGACCAGCCATTTTGGAGAAAGGACAAG 
GAAGAATTATATTAAAAGCATCCAGGCATGCTTGTGT 


^9ftn 


ACACAAGCATGCCTGGATGCTTTTAATATAATTCTTCCTTGTC 

PTTTPTPPAAAAT/^ftPTftfTTPfTTAPATATft^AAPAra^TftPTP 
Of 1 1 0 1 OOMMMM 1 OOO 1 OO 1 OO 1 MOM 1 M 1 OOMMOMOO I OO 1 0 

CATTTGACACGTGAGCAAAGCTGACAACAGCATCTA 


3281 


TGTACGACCAGCCATTT 


3282 


A A ATfi/^PTfl flTCflT A P A 
AAA 1 ooo 1 oo 1 Oo 1 AOA 




Non polyposis 
colorectal cancer 
Ala636Pro 
GCA-CCA 


PPTPTTPP AT AT7TT A Pf2 APP Af2PP ATTTTY^ A(2 A A ACZCZ AP A A 
OOiol IOOAI Al 0 1 MOoMOOMoOOMI 1 1 1 OOAoMMMooMOMM 

PP A AP A ATT AT ATT A A A A ft P ATPP Aftf^P ATfiPTTfTTfflTfi A Af5 
ooAAoAA 1 1 A 1 A 1 1 AAAAoOA 1 OOMooOA 1 OO 1 1 o 1 0 1 1 OMMO 

TTCAAGATGAAATTGCATTTATTCCTAATGACGTAT 




ATACGTCATTAGGAATAAATGCAATTTCATCTTGAACTTCAACA 

rAAr^ATRrrTf^ATRrTTTTAATATAATTrTTrCTTGTCCTTT 

vAnvvn 1 www 1 wwA 1 ww 1 1 1 1 AVA 1 A 1 rVA 1 1 w 1 1 ww 1 Ivl WW 1 • 1 

CTCCAAAATGGCTGGTCGTACATATGGAACAGG 


3285 


TATTAAAAGCATCCAGG 


3286 


PPTO/^ ATOPTTTT A ATA 
OOiOoAloOl 1 1 lAAIA 


^9ft7 ! 


iNon polyposis 

colorectal cancer 

His639Arg 

CAT-CGT 


ATCTAP^APPAnPPATrTTfi^A^AAA^nAPAA^AAfiAATTA 

M 1 O 1 MOOMOOMOOOM 1 1 1 1 OOMOMMMOOMOMMOOMMOAA 1 1 A 

TATTAAAAGCATCCAGGCATGCTTGTGTTGAAGTTCAAGATGA 
AATTGCATTTATTCCTAATGACGTATACTTTGAAAA 


0£QD 


7TTTCAAAGTATACGTCATTAGGAATAAATGCAATTTCATCTTG 
AACTTCAACACAAGCATGCCTGGATGCTTTTAATATAATTCTTC 
CTTGTCCTTTCTCCAAAATGGCTGGTCGTACAT 


3289 


ATCCAGGCATGCTTGTG 


3290 
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Non polyposis 
colorectal cancer 
His639Tyr 
CAT-TAT 



Ion polyposis 
colorectal cancer 
Glu647Lys 
GAA-AAA 



Non polyposis 
colorectal cancer 
Tyr656Term 
TAC-TAG 



Non polyposis 
colorectal cancer 
Gly674Asp 
GGT-GAT 



Non polyposis 
colorectal cancer 
Arg680Term 
CGA-TGA 



CACAAGCATGCCTGGAT 



■>:*: : : : : : >>*: : : 



TAT b I ALbAt lACjCCA 1 1 1 1 GGAGAMGGACMGGAAGAATT 

ACAAGCATGCCTGGATG 

^^AAUGAAGAA 1 1 A f ATTAAAAbCA I CCAGGCATGCTf 



3291 
329: 



3293 



3294 
3295 



?J?^^ GnCM ^ T GAMnGCAmATTCCTMTGACGT 
ATACTTTGAAAAAGATAAACAGATGTT^rATrA w,WMaT 

2^SSS!SfI2SJ ' IA,U ' 1 ' ,CA AAGTATACGTCATTA 

?^^^^ m£ATCnGMCTTCAA CACAAGCATGCC 
TGGATGCTTTTAATATAATTCTTCCT TRTr.nTTT 

TTCAAGATGAAATTGCA 
TGCAATTTCATCTTGAA 

CATCATTACTGGTAAAAMCCTGGTTT^R^^^- 
AGCCCAAAAAffAGGTTTTTTA CCAGTAATGATGTGGAACATr 

TTCATCTTGAACT TCAACACAAGnAT nrrTr^AT 
GACGTATACTTTGAAAA 
1 1 rrCAAAGTATACGTC 

IAMAILI lGCI 1 'CTGA1AIAAI I I'GTTTTGTA 

MnATATCAGAAAGCAAGATTrr.A^-n-^p "LAAAACA 
TATGGGAGGTAAATCAA 
TTGATTTACCTCCCATA 



329i 



3297 



3298 
3299 
3300 



3301 



Vr^li^^l MAAl " G " ' '^AGGCCCCAATATGSbno 

GGCCCAAATTG GGTGTTTTGTGCnAT^TC^ Tr^ 
CTGACTCACa l UGCACAAAACACCUAATTTGGGCCATGAGTA 

catatattcgacaaact UAA 

AGTTTGTCGAATATATft 



3302 
3303 
3304 



3305 



3306 
3307 



3308 



3309 



3310 
3311 



( 
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:iiilcllil^B8 




is§Bt 


Non polyposis 
colorectal cancer 
6ly692Arg 
GGG-CGG 


ATGRGAGGTAAATCAACATATATTCGACAAACTGGGGTGATA 
GTACTCATGGCCCAAATTGGGTGTTTTGTGCCATGTGAGTCA 
GCAGAAGTGTCCATTGTGGACTGCATCTTAGCCCGAG 


3312 


CTCGGGCTAAGATGCAGTCCACAATGGACACTTCTGCTGACT 
CACATGGCACAAAACACCCAATTTGGGCCATGAGTACTATCA 
CCCCAGT7TGTCGAATATATGTTGAT7TACCTCCX:AT 


3313 


CCCAAATTGGGTGTTTT 


3314 


AAAAPAPPPAATTTCftft 

AAAAwAw w Wv\ 1 1 1 vOO J 


3315 

WW l W 


Non polyposis 

rnlnrprtal nancpr 

wwlwlwwLCU wCUIwwl 

Cys697Arg 
TGT-CGT 


APATAtATTPftAPAAAPTGGGGTGATAGTACTCATGGCCCAAA 

r\wr\ 1 AIMI 1 w OnOnnAO 1 wwww 1 VJrt I Ay i rvw I wr\ i vjwwwnnn 

TTGGGTU 1 1 1 1 GTGCCATGTGAGTCAGCAGAAGTGTCCATTG 
TGGACTGCATCTTAGCCCGAGTAGGGGCTGGTGACA 


3316 

WW 1 w 


TGTCACCAGCCCCTACTCGGGCTAAGATGCAGTCCACAATGG 

ArACTTCTGCTGACTCACATGGCACAAAACACCCAATTTGGG 

CCATGAGTACTATCACCCCAG7TTGTCGAATATATGT 


3317 


TTGTGCCATGTGAGTCA 


3318 


TPAPTPAPATftftPAPAA 
1 oAw 1 wAwM 1 OUuMOnn 


3319 

WW 1 w 


Non polyposis 
colorectal cancer 
Cys697Phe 
TGT-TTT 


"PATATATTrr^ArAAAPTf^r^ri^T^ATAttTArTrATfifiCCCAAAT 
T^firTr^TTTTCTr^PATftT^ACTrA^PAttAAfiTftTPnATTffr 

I OvJO 1 Vj 1 1 1 \\J\ wvn 1 w 1 V3MV3 1 unOunOnnO 1 0 i wA I I w I 

GGACTGCATCTTAGCCCGAGTAGGGGCTGGTGACAG 


3320 I 


CTGTCACCAGCCCCTACTCGGGCTAAGATGCAGTCCACAATG 

/^ACAPTTPT^^T^ArTCAPATf^^PArAAAArArinriAAl 1 iGtt 
Unvnv 1 Iwl V3w 1 Ottu I unvn 1 wwWvvvvjrtvwvnn i i i ww 

GCCATGAGTACTATCACCCCAGTTTGTCGAATATATG 


3321 


TGTGCCATGTGAGTCAG 


3322 


PTP A PTP A P ATYV2P AP A 
Lr 1 ViAw 1 w Aw A 1 boUAL/A 


3323 


Non polyposis 

Gln718Term 
CAA-TAA 


P A PTP APPAfiA ACTCTPP ATT^T^^ APTftP ATPTT AftPPPG A 

GTAGGGGCTGGTGACAGTCAATTGAAAGGAGTCTCCACGTTC 
ATGGCTGAAATGTTGGAAACTGCTTCTATCCTCAGGT 


UJ4t 


ACCTGAGGATAGAAGCAGTTTCCAACATTTCAGCCATGAACG 

TRfiAfiArTrPTTTrAATTfSArTRTnACCAGCCCCTACTCGGG 

CTAAGATGCAGTCCACAATGGACACTTCTGCTGACTC 


3325 


GTGACAGTCAATTGAAA 


3326 


TTTPAATTYSAPTCTPAP 
1 1 1 UAA 1 1 w Aw 1 U 1 wAw 


3327 


Non polyposis 

rnlnrppfzil ranppr 

Leu811Term 
TTA-TGA 


P^AAYPAr^ATAP^AAPt^TTAATAATPTAPATGTCACAGCACT 
w w AA I wAVjM 1 MwwAAw 1 w 1 1 r\M 1 /V\ 1 w 1 nun 1 0 1 vnwnwwnu I 

CACCACTGMGAGACCTTMCTATGCTTTATCAGGTGAAGAAA 
GGTATGTACTATTGGAGTACTCTAAATTCAGAACT 


3328 


AGnCTGAATTTAGAGTACTCCAATAGTACATACCTTTCTTCAC 

CTGATAAAGCATAGTTAAGGTCTCTTCAGTGGTGAGTGCTGT 

GACATGTAGATTATTAACAGTTGGTATCTGATTGG 


3329 


AGAGACCTTAACTATGC 


3330 


GCATAGTTAAGGTCTCT 


3331 


Non polyposis 
colorectal cancer 
Ala834Thr 


TTCCCCAAATrtCTTATAGGTGTCTGtGATCAAAG 1 1 1 IGGGA 
TTCATGTTGCAGAGCTTGCTAATTTCCCTAAGCATGTAATAGA 
GTGTGCTAAACAGAAAGCCCTGGAACTTGAGGAGT 


3332 



GCT-ACT 



WO 01/73002 

PCT/US01/09761 

-227- 



. :■;•.<• • 



Non polyposis 
colorectal cancer 
Gln861Term 
CAA-TAA 



Non polyposis 
colorectal cancer 
Thr905Arg 
ACA-AGA 



ACTCCTCAAGTTCCAGGGCTTTC1 GTTTAGCACACTCTATTAC 

ATGCTTAGGGAAATTAGCAAGCTCTGCAACATGAATCCCAAAA 
CTTTGATCACAGACACCTATMGAA ATTTfifififtAA 

CAGAGCTTGCTAATTTC 

GAAATTAGCAAGCTOTfi 

ATAGAGTGTGCTAAACAGAAAGCCCTGGAACTTGAGGAGTTT 

CAGTATATTGGAGAATCGCAAGGATATGATATCATGGAACCAG 
CAGCAAAGAAGTGCTATCTGGAAAGAGAGGTTTGTC 

GACAAACCTCTCTTTCCAGATAGCACTTCTTTGCTGCTGG7TC 

CATGATATCATATCCTTGCGATTCTCCAATATACTGAAACTCCT 
CAAGTTCCAGGGCTTTCTGTTTAGC ACAHTnTAT 

GAGAATCGCAAGGATAT 
ATATCCTTGCGATTCTC 

AbCiAO 1 1 CCTGTCCMGGTGAAA CAAA I GCCCTTTACTGAAAT' 

GTCAGAAGAAAACATCACAATAAAGTTAAAACAGCTAAAAGCT 
GAAGTAATAGCAAAGMTAATAGCTTTGTAAATGA 

TCATTTACAMGCTATTATTCTTTGCTATTACTTCAGCTTTTAG 
CT GTTTTMCTTTATTGTGATGTTTTCTTCTGACATTTCAGTAA 
AGGGCATTTGTTTCACCTTGGACA GGAACTrnT 
AAACATCACAATAAAGT 
ACTTTATTGTGATGTTT 



3333 



3334 
3335 
3336 



3337 



3338 
3339 



3341 



3342 
3343 



EXAMPLE 19 
Human mismatch repair - MSH6 



The human MSH6 gene is homologous to the bacterial mutS gene, which is involved in 
mismatch repair. Mutations in the MSH6 gene have been identified in a variety of cancers, including 
particularly hereditary nonpolyposis colorectal cancer. The attached table discloses the correcting 
oligonucleotide base sequences for the MSH6 oligonucleotides of the invention. 



Table 26 

MSH6 Mutat ions and Genome-Correcting fflinoc 




Non-polyposis 
colorectal cancer 
Ser144lle 
AGC-ATC 



GGAMTCAGTCCGTGTTCATGTACAGTTTTTTGATGACAGCCC 

MCMGGGGCTGGGTTAGCAAMGGCTTTTAAAGCCATATAC 
AGGTAAGAGTCACTACTGCCATGTGTGTGTGTTTGT 



c c 
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>>>MWi 



SsSS'J 



Endometrial cancer 
Seii56Term 
TCA-TGA 



ACAAACACACACACATGGCAGTAGTGACTCTTACCTGTATATG 

GCTTTAAAAGCCTTTTGCTAACCCAGCCCCTTGTTGGGCTGT 

CATCAAAAAACTGTACATGAACACGGACTGATTTCC 



3345 



CTGGGTTAGCAAAAGGC 



3346 



Early onset colorectal 
cancer 
Tyr214Term 
TAC-TAG 



GCCTTTTGCTAACCCAG ~ 3347 

IGTGAGCCTCTGCACCCGGCCCtrAtTGTTTATAAArACATTT 1 33< 
CTTTCTAGGTTCAAAATCAAAGGAAGCCCAGAAGGGAGGTCA 
TTTTTACAGTGCAAAGCCTGAAATACTGAGAGCAAT 



ATTGCTCTCAGT ATTTCAGGCTTTGCACTGTAAAAATGACCTC 
CCnCTGGGCTrCCTTTgATTTTGAACCTAGAAAGAAATGTAT 
TTATAAACAATAAGGGCCGGGTGCAGAGGCTCACG 



TTCAAAATCAAAGGAAG 



CTTCCTTTGATTTTGAA 

TTCCAMTTTTGATTTGTTTTTAAATACTCTTTCCTTGCCTGGC 

AGGTAGGCACAACTTACGTAACAGATAAGAGTGAAGAAGATA 
ATGAAATTGAGAGTGAAGAGGAAGTACAGCCTAAG 



CTTAGGCTGTACTTCCTCTTCACTCTCAATnCATTATCTTCn 

CACTCTTATCTGTTACGTAAGTTGTGCCTACCTGCCAGGCAA 
GGAAAGAGTATfTAAAAACAAATCAAAATTTGGAA 



ACAACTTACGTAACAGA 



TCTGTTACGTAAGTTGT 



indometrial cancer 
Arg248Term 
CGA-TGA 



Colorectal cancer 
Ser285lle 
AGT-ATT 



GAAGAGGAAG1 ACAGCCTAAGACACAAGGATCTAGGCGAAGT 

AGCCGCCAAATAAAAAAACGAAGGGTCATATCAGATTCTGAG 
AGTGACATTGGTGGCTCTGATGTGGAATTTAAGCCAR 



3349 



3350 



3351 
3352 



3353 



3354 



3355 



CTGGCTTAAATTCCACATCAGAGCCACCAATGTCACTCTCAGA 

ATCTGATATGACCC7TCGTTTTTTTATTTGGCGGCTACTTCGC 
CTAGATCCTTGT GTCTTAGGCTGTACTTCCTCTTC 



TAAAAAAACGAAGGGTC 



GACCCTTCGI 1 1 1 1 1 1 A 



TTAAGCCauauau 1 MGGAGGMGGMGCAGtGAt GAAATAA 
GCAGTGGAGTGGGGGATAGTGAGAGTGAAGGCCTGAACAGC 
CCTGTCAAAGTTGCTCGAAAGCGGAAGAGAATGGTGAC 



3357 



3358 



3359 



GTCACCATTCTCTTCCGCTTTCGAGCAACTTTGACAGGGCTG 
TTCAGGCCTTCACTCTCACTATCCCCCACTCCACTGCTTATTT 
CATCACTGCTTCCTTCCTCCTTAGTGTCTGGCTTAA 



GGGGGATAGTGAGAGTG 



CACTCTCACTATCCCCC 



Colorectal cancer 
Gly566Arg 

P?fiA-AfiA 



GAGGAAGATTCTTC , GGCCATACTCGTGCATATGGTGTGTGC 
TTTGnGATACTrCACTGGGAMGTTTnCATAGGTCAGTTTTC 
AGATGATCGCCATTGTTCGAGATTTAGGACTCTAG 



33W 



3361 



3362 



3363 



3364 
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Non-polyposis 
colorectal cancer 
G!n698Glu 
CAG-GAG 



Endometrial cancer 
Gln731Temi 
CAA-TAA 



colorectal cancer 
Val800Leu 
GTT-CTT 



colorectal cancer 
Asp803Gly 
GAC-GGC 



Non-polyposis 
colorectal cancer 

TvrflSnrye 



2^a?a LbMLAA 1 ^^ATCATCTGAAAACTG 

CCATATGCACGA GTATGGCCAGAAfiA ATPTrrrTr ° A 
CITCACTGGGA AAGTTf 

AAACTTTCCCAGTGAAG 
Ml IbbCCUCICIGCTCTAGblbbl I b I G I C ITCt AC rfl* 

MGACACMCCACCTAGAGCAGAGAfif^rrAATTv^ 
I IAI IGAT CAGGAGCTT 

AAGCTCCT GATCAATAA 

CUU I rC3GAT l v, I bAUACAGI CAGCACT ACAAGA I CTGGYftPT 

^^^^^^^ 

GATCTTGTAGTGnTGACTGTGTP AGA irrr a ^™ 
AAGCCTATCAAC GAATG ~ 

CATTCGTTGATAGGCTT 

JJJI^'CTGTAACCAl ' ATGCTAI I AA I GA I CGTCTAGATla 

CGATCATTAATAGCATA ATfifSTTA r a ^ a l^^^j^ p. 
ACCTCATGGTTG TGCCT 

AGGCACAACCATGAGGT 

r^*^ C ™ 1 ^ ' ^ I CG I C7AGA1 GCCATAGAAGA 

CCTCATG(^GTGCCTGACAAMTCTCC(^GnCTA(^GCT 
TCTAMGMGCTTCnAGATCTTGAGAGRfTTArTrA^ 



3365 



3366 
3367 



3369 



3370 
337T 



3373 



3374 
3375 
337? 



3377 



3378 
3379 



TAC-TGC 



AGATTTTGTCAGGCACA 

^^^^^^^^A^C^wV^Glc^ 



3381 



3381 



3382 
3383 



3184 
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SEQIDs 




TTACACATTACTTTGAATCCTTCCAGAGCAGAAAGAAAATCAA 
TAATCTTCTTCTTGCTGIATGTAG i 1 1 CTTCATACATTATAGCC 


3385 


AACTACATACAGCAAGA 


3386 


TCTTGCTGIATGTAGTT 


3387 


Colorectal cancer 
Pro1087Thr 

* 


TATAGTCGAGGGGGTGATGGTCCTATGTGTCGCCCAGTMTT 
CTGTTGCCGGMGATACCCCCCCCTTCTTAGAGCTTAAAGGA 


3388 


CTCCAAAAAAAGTCTTCGTMTGCMGGATGGCGTGATCCTTT 

AAGCTCTAAGAAGGGGGGGGTATCTTCCGGCAACAGAATTAC 
top/^po ap a p at app a atp a pp^^PTpr* apt at a 

1 bboUuAOAwA 1 AobAUuA 1 L/AULrUUU 1 LrbAO l A 1 A 


3389 


AAGATACCSCCCCCTTC 


3390 


GAAGGGGGGGGTATCTT 


3391 


Non-polyposis 
colorectal cancer 

Pin i OCQTorm 

bim/oo lerm 
CAA-TM 


ACTATAAAATGTCGTACATTATTTTCAACTCACTACCATTCATT 
AGTAGAAGATTATTCTCAAAATGTTGCTGTGCGCCTAGGACAT 

ATHflT ATPTPP A A ATTPTTTTTTTPP A P A A ATTP 

Alool Alolbv/AAAI loll M II IL»W\l/AAAI lu 


3392 


GAATTTGTGGAAAAAAACAATTTGCACATACCATATGTCCTAG 
GCGCACAGCAACAT77TGAGAATAATCTTCTACTAATGAATGG 
TAGTGAGTTGAAAATAATGTACGACA 1 1 1 1ATAGT 


3393 


ATTATTCTCAAAATGTT 


3394 


AACATTTTGAGAATAAT 


3395 



EXAMPLE 20 
Hvperlipidemia » APOE 

Hyperlipemia is the abnormal elevation of plasma cholesterol and/or triglyceride levels 
and it is one of the most common diseases. The human apoiipoprotein E protein is involved in the 
transport of endogenous lipids and appears to be crucial for both the direct removal of cholesterol-rich 
LDL from plasma and conversion of IDL particles to LDL particles. Individuals who either lack 
apoiipoprotein E or who are homozygous for particular alleles of apoE may have have a condition known 
as dysbetalipoproteinemia, which is characterized by elevated plasma cholesterol and triglyceride levels 
and an increased risk for atherosclerosis. 

In a comprehensive review of apoE variants, de Knijff et al., Hum. Mutat 4:178-194 
(1994) found that 30 variants had been characterized, including the most common variant apoEl To 
that time, 14 apoE variants had been found to be associated with familial dysbetalipoproteinemia The 



WO 01/73002 



-231- 



PCT/US01/09761 



attached table discloses the correcting oligonucleotide base sequences for the APOE oligonucleotides of 
the invention. 



Table 27 

APOE Mutations and Gennme-CorrectinQ Oft 



Apolipoprotein E 
Glu13Lys 
cGAG-AAG 



Apolipoprotein E 
Trp20Term 
TGGc-TGA 



Apolipoprotein 
Leu28Pro 
CTG-CCG 



Apolipoprotein E 

Cys112Arg 

gTGC-CGC 



Apolipoprotein E~ 
Gly127Asp 
LGGO-GAC 



CGCTTGCTCCACCTT GGCCTGGCATnfTTCTCTr^A nAA 

CGGAGCCCGAGCTGCGC 

GCGCAGCTCGGGCTCCG 

UJAOU | UGAGCAAGCGG I GGAGAUAGAGCCGGAGCCCGXG 

CTGCGCCAGCAGACCGAGTGGCAGAGCGGCCAGCGCTGGG 
AACTCSGCACTGGGTCGCTmGGGATT^^^^r 

^o^^'^^^^CCCAGTGCCAGTT 

CCCA(3CGCTGGCCGCTCTGCCACTCGGTCTGCTGGCGCAGC 
TCGGGCTCCGGCTCT GTCTCCACCGCTTfirTrrA rv^^ 

AUCGAGTGGCAGAGCRfi 



3396 



3397 



CCGCTCTGCCACTCGftT 

OM^UUUUGAGCCC'GAGC I GCGCCAGCAGACCGAGTGGCA - 

a^a^^^^^^^^^^-^^ a ^^^TCGC^T1^GG 
AmCCTGCGCTGGG TGCAGACACTGTrT^^^ Sf 6 

^ C £^' CA ^ CAGTGTCT( ^ A CCCAGCGCAGGTAATCC 



3398 
3399 
3400 



3401 



CA^GCGACCCAGTGCCAGTTCCCAGCGCTGGCCGCTCTG 
CCACTCGGTCTGCTfiGC^^ 

C I GGGAACTGGCACTGG ' 

CCAGTCCCAftTrCCCAG 



3402 
3403 
34( 



3405 



^oS5TS? MGGAGCTGCAGGCGGCGCAGG CCCGGCTGG" 
CCGCGGCGAGGTGCAGGCCATGCTCGGCCAGAGCACCGAG 



3406 
3407 
3408 



3409 



3410 



c (. 
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Pill 

WW 




CGCTTACGCAGCTTGCGCAGGTGGGAGGCGAGGCGCACCC 

GCAGCTCCTCGGTGCTCTGGCCGAGCATGGCCTGCACCTCG 

CCGCGGTACTGCACCAGGCGGCCGCACACGTCCTCCATGT 


3413 


CATGCTCGGCCAGAGCA 


3414 


TGCTCTGGCCGAGCATG 


i "WIS 


Apoiipoprotein E 

Arn136Cvs 

nl Vj 1 www JO 

gCGC-TGC 


gtgcagtaccgcggcgaggtgcaggccatgctcggcCaga 
gcaccgaggagctgcgggtgcgcctcgcctcccacctgcg 

\Jwnvvwn\Jvnww i wwwww 1 vwvw 1 vUUv 1 WWW«VWW 1 www 

CAAGCTGCGTAAGCGGCTCCTCCGCGATGCCGATGACCTGC 


W*T 1 W 


GCAGGTCATCGGCATCGCGGAGGAGCCGCTTACGCAGCTTG 
CGCAGGTGGGAGGCGAGGCGCACCCGCAGCTCCTCGGTGC 
TCTGGCCGAGCATGGCCTGCACCTCGCCGCGGTACTGCAC 


3417 


TGCGGGTGCGCCTCGCC 


3418 


GGCGAGGCGCACCCGCA 


3419 


Apoiipoprotein E 

Arg136His 

CGC-CAC 


tgcagtaccgcggcgaggtgcaggccatgctcggccagag 

1 Vwnv i nV W WW WWW UnVW I WW/iWWW W7i 1 WW 1 VWwvvnwnW 

CACCGAGGAGCTGCGGGTGCGCCTCGCCTCCCACCTGCGC 
AAGCTGCGTAAGCGGCTCCTCCGCGATGCCGATGACCTGCA 


3420 

W*ffcl/ 


TGCAGGTCATCGGCATCGCGGAGGAGCCGCTTACGCAGCTT 
GCGCAGGTGGGAGGCGAGGCGCACCCGCAGCTCCTCGGTG 
CTCTGGCCGAGCATGGCCTGCACCTCGCCGCGGTACTGCA 


3421 


GCGGGTGCGCCTCGCCT 


3422 


AGGCGAGGCGCACCCGC 

#»w www#*wwwwwr>ww www 




Apoiipoprotein E 

Ara136Ser 

gCGC-AGC 


GTGCAGTACCRCfiGCGAGGTGCAGfiCCATGCTCGGCCAGA 

w i ww/tw 1 nvw wwwww w/tww 1 wvAwUvuA I ww I w w ww wnvjn 

GCACCGAGGAGCTGCGGGTGCGCCTCGCCTCCCACCTGCG 
CAAGCTGCGTAAGCGGCTCCTCCGCGATGCCGATGACCTGC 


3474 


GCAGGTCATCGGCATCGCGGAGGAGCCGCTTACGCAGCTTG 
CGCAGGTGGGAGGCGAGGCGCACCCGCAGCTCCTCGGTGC 
TCTGGCCGAGCATGGCCTGCACCTCGCCGCGGTACTGCAC 


3425 


TGCGGGTGCGCCTCGCC 


3426 


GGCGAGGCGCACCCGCA 

WWW W*»W WW UvnVwUVjwn 


3427 


Apoiipoprotein E 

Ara149Cv^ 

gCGC-TGC 


GTGCAGGCCATGCTCGGCCAGAGCACCGAGGAGCTGCGGG 

wj 1 wvnwwwwn i wjw i vwuvwnw^vwnwvynvunvw 1 WWWWW 

TGCGCCTCGCCTCCCACCTGCGCAAGCTGCGTAAGCGGCTC 

■ wwwww 1 WWWW 1 wwvnvw 1 UwwV/nnvw 1 www 1 mUw WWW 1 w 

CTCCGCGATGCCGATGACCTGCAGAAGCGCCTGGCAGTGT 


3428 


ACACTGCCAGGCGCTTCTGCAGGTCATCGGCATCGCGGAGG 
AGCCGCTTACGCAGCTTGCGCAGGTGGGAGGCGAGGCGCA 
CCCGCAGCTCCTCGGTGCTCTGGCCGAGCATGGCCTGCAC 


3429 


CCCACCTGCGCAAGCTG 


3430 


CAGCTTGCGCAGGTGGG 

Wi«WW 1 I \JUwwnUU 1 


3431 


AooliDODrotein E 

Arg142Leu 

CGC-CTC 


TGCAGGCCATGCTCGGCCAGAGCACCGAGGAGCTGCGGGT 

• wwnw ww wr\ 1 ww i w w^j w wr\wnwwr»w ww*vw w/*vj w i vjuvjvjvj i 

GCGCCTCGCCTCCCACCTGCGCAAGCTGCGTAAGCGGCTCC 
TCCGCGATGCCGATGACCTGCAGAAGCGCCTGGCAGTGTA 


3432 


TACACTGCCAGGCGCTTCTGCAGGTCATCGGCATCGCGGAG 
GAGCCGCTTACGCAGCTTGCGCAGGTGGGAGGCGAGGCGC 
ACCCGCAGCTCCTCGGTGCTCTGGCCGAGCATGGCCTGCA 


3433 


CCACCTGCGCAAGCTGC 


3434 
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iSliiiicailKiiflipiS 




Ismm 

mmm 


Apolipoprotein E 

Gln187Glu 

aCAG-GAG 


CGCGAGGGCGCCGAGCGCGGCCTCAGCGCCATCCGCGAGC 
GCCTGGGGCCCCTGGTGGAACAGGGCCGCGTGCGGGCCGC 
CACTGTGGGCTCCCTGGCCGGCCAGCCGCTACAGGAGCGG 

G 


3456 


CCCGCTCCTGTAGCGGCTGGCCGGCCAGGGAGCCCACAGT 

GGCGGCCCGCACGCGGCCCTGTTCCACCAGGGGCCCCAGG 

CGCTCGCGGATGGCGCTGAGGCCGCGCTCGGCGCCCTCGC 

G 


3457 


TGGTGGAACAGGGCCGC 


3458 


GCGGCCCTGTTCCACCA 


3459 


Apolipoprotein E 

Trp210Term 

TGG-TAG 

m ^^^^ w * 

• 


TGCGGGCCGCCACTGTGGGCTCCCTGGCCGGCCAGCCGCT 
ACAGGAGCGGGCCCAGGCCTGGGGCGAGCGGCTGCGCGC 
GCGGATGGAGGAGATGGGCAGCCGGACCCGCGACCGCCTG 
GA 


3460 


TCCAGGCGGTCGCGGGTCCGGCTGCCCATCTCCTCCATCCG 
CGCGCGCAGCCGCTCGCCCCAGGCCTGGGCCCGCTCCTGT 
AGCGGCTGGCCGGCCAGGGAGCCCACAGTGGCGGCCCGCA 


3461 


CCAGGCCTGGGGCGAGC 


3462 


GCTCGCCCCAGGCCTGG 


3463 


Apolipoprotein E 
Arg228Cys 

• 


CAGGCCTGGGGCGAGCGGCTGCGCGCGCGGATGGAGGAGA 
TGGGCAGCCGGACCCGCGACCGCCTGGACGAGGTGAAGGA 
GCAGGTGGCGGAGGTGCGCGCCAAGCTGGAGGAGCAGGCC 

c 


3464 


GGGCCTGCTCCTCCAGCTTGGCGCGCACCTCCGCCACCTGC 
TCCTTCACCTCGTCCAGGCGGTCGCGGGTCCGGCTGCCCAT 
CTCCTCCATCCGCGCGCGCAGCCGCTCGCCCCAGGCCTG 


3465 


CCCGCGACCGCCTGGAC 


3466 


GTCCAGGCGGTCGCGGG 


3467 


Apolipoprotein E 

Glu244Lys 

gGAG-AAG 


CGGACCCGCGACCGCCTGGACGAGGTGAAGGAGCAGGTGG 
CGGAGGTGCGCGCCAAGCTGGAGGAGCAGGCCCAGCAGAT 
ACGCCTGCAGGCCGAGGCCTTCCAGGCCCGCCTCAAGAGCT 


3468 


AGCTCTTGAGGCGGGCCTGGAAGGCCTCGGCCTGCAGGCGT 

ATCTGCTGGGCCTGCTCCTCCAGCTTGGCGCGCACCTCCGC 

CACCTGCTCCTTCACCTCGTCCAGGCGGTCGCGGGTCCG 


'3469 


CCAAGCTGGAGGAGCAG 


3470 


CTGCTCCTCCAGCTTGG 


3471 



EXAMPLE 21 
Familial hypercholesterolemia - LDLR 

Familial hypercholesterolemia is characterized by elevation ut serum cholesterol bound 
to low density lipoprotein (LDL) and is, hence, one of the conditions producing a hyperlipoproteinemia 
phenotype. Familial hypercholesterolemia is an autosomal dominant disorder characterized by elevation 
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of serum cholesterol bound to low density lipoprotein (LOL). Mutations in the LDL receptor (LDLR) gene 
cause this disorder. The attached table discloses the correcting oligonucleotide base sequences for the 
LDLR oligonucleotides of the invention. 
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TGCCCAMGGGGACTCACAGCACGTCTCCTGGGACTCATCA 
GAGCCATCCTGGCACTCAGCGCTGCCATCGCAGACCCACTT 
GTAGGAGATGCATTTCCCGTCTTGGCACTGGAACTCGTT 


3489 


ATGGCAGCGCTGAGTGC 


3490 


GCACTCAGCGCTGCCAT 


3491 


Hypercholesterolaemia 

Cvs31Tvr 

vjwv 1 1 jl 

TGC-TAC 


TCCAGTGCCAAGACGGGAAATGCATCTCCTACAAGTGGGTCT 
GCGATGGCAGCGCTGAGTGCCAGGATGGCTCTGATGAGTCC 

vWvn 1 UvjwnVJUwW 1 unw 1 Uvvnuun I Www 1 w 1 wT> 1 vA\J 1 w w 

CAGGAGACGTGCTGTGAGTCCCCTTTGGGCATGATATG 


3492 


CATATCATGCCCAAAGGGGACTCACAGCACGTCTCCTGGGAC 
TCATCAGAGCCATCCTGGCACTCAGCGCTGCCATCGCAGAC 
CCACTTGT AGGAGATGCATTTCCCGTCTTGGCACTGGA 


3493 


CGCTGAGTGCCAGGATG 


3494 


CATCCTGGCACTCAGCG 

w/» i ww i wuwnw i urvwvu 


3495 


Hypercholesterolaemia 

Arg57Cys 

cCGT-TGT 

* 


AATCCTGTCTCTTCTGTAGTGTCTGTCACCTGCAAATCCGGG 

nn i ww ■ w i w i w i i w i w • i w i w i w i w#*ww i vwnnn i ww w ww 

GACTTCAGCTGTGGGGGCCGTGTCAACCGCTGCATTCCTCA 
GTTCTGGAGGTGCGATGGCCAAGTGGACTGCGACAACG 


3496 


CGTTGTCGCAGTCCACTTGGCCATCGCACCTCCAGAACTGAG 
GAATGCAGCGGTTGACACGGCCCCCACAGCTGAAGTCCCCG 
GATTTGCAGGTGACAGACACTACAGAAGAGACAGGATT 


3497 


GTGGGGGCC.GTGTCAAC 


3498 


GTTGACACGGCCCCCAC 

W 1 1 wrAw/*WWWWWWWW/iW 


14QQ 


Hypercholesterolaemia 

Gln64Tenm 

tCAG-TAG 


1 w 1 O 1 wMww 1 Ownnn 1 vwuOOOnu 1 1 wAww 1 O 1 wwwwwwww 

TGTCAACCGCTGCATTCCTCAGTTCTGGAGGTGCGATGGCCA 
AGTGGACTGCGACAACGGCTCAGACGAGCAAGGCTGTC 




GACAGCCTTGCTCGTCTGAGCCGTTGTCGCAGTCCACTTGGC 
CATCGCACCTCCAGAACTGAGGAATGCAGCGGTTGACACGG 

w/ \ i w^^ w/»w w i wwfi^^fwtw ■ x^r v.// »/v i \««* w«\\a^\>^\a^\^ ■ i wnvnvvW 

CCCCCACAGCTGAAGTCCCCGGATTTGCAGGTGACAGA 


3501 


GCATTCCTCAGTTCTGG 


3502 


CCAGAACTGAGGAATGC 


^503 

vVUw 


Hypercholesterolaemia 

Tro66Glv 

1 1 Uvvwlr 

cTGG-GGG 


ACCTGCAAATCCGGGGACTTCAGCTGTGGGGGCCGTGTCAA 

nvv i w/nnn i UwvvjwUnu i i w«*ww 1 w i wwwwwwww ■ w 1 unn 

CCGCTGCATTCCTCAGTTCTGGAGGTGCGATGGCCAAGTGG 

ww ww 1 ww/» 1 1 ww I VjAvj 1 I w I Uunvju 1 www«a 1 Vjwvvnnu 1 ww 

ACTGCGACAACGGCTCAGACGAGCAAGGCTGTCGTAAGT 


3504 


ACTTACGACAGCCTTGCTCGTCTGAGCCGTTGTCGCAGTCCA 

CTTGGCCATCGCACCTCCAGAACTGAGGAATGCAGCGGTTG 

ACACGGCCCCCACAGCTGAAGTCCCCGGATTTGCAGGT 


3505 


CTCAGTTCIGGAGGTGC 


3506 


GCACCTCCAGAACTGAG 

wwr^ww i wununnv i unvj 


3507 


Hvoercholesterolaernia 

• i ¥ l/vl VI iwiwytbl vluwl Illy 

Trp66Term 
TGG-TAG 


CCTGCAAATCCGGGGACTTCAGCTGTGGGGGCCGTGTCAAC 

WW 1 \J W/vw* 1 W VVVvwnw 1 1 vr»vw 1 1 wwvvwvWv 1 W 1 W/vtW 

CGCTGCATTCCTCAGTTCTGGAGGTGCGATGGCCAAGTGGA 
CTGCGACAACGGCTCAGACGAGCAAGGCTGTCGTAAGTG 


3508 


CACTTACGACAGCCTTGCTCGTCTGAGCCGTTGTCGCAGTCC 
ACTTGGCCATCGCACCTCCAGAACTGAGGAATGCAGCGGTTG 
ACACGGCCCCCACAGCTGAAGTCCCCGGAT7TGCAGG 


3509 


TCAGTTCTGGAGGTGCG 


3510 
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iyperchoiesteralaemia 
Cys68Arg 

gTGC-CGC 



nypercnoiesterolaemia 
Cys68Trp 

TGCg-TGG 





3513 



Hypercholesterolemia 
Cys68Tyr 

TGC-TAC 



^CGGGGACT rCAGCTGTGGGGGCCGTGTCMCCGCTGC 



3517 



3518 
3519 




Hypercholesterolaemia 
Asp69Asn 

cGAT-AAT 



Iyperchoiesteralaemia 
Asp69GJy 

GAT-GGT 




3520 



3521 



3522 




3523 
352T 



3525 



3526 
3527 



3528 



3529 



Hypercholesterolaemia 
Asp69Tyr 

cGAT-TAT 




3530 
3531 
3532 



( 



r < 
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* 


CAGGGCCACACTTACGACAGCCTTGCTCGTCTGAGCCGTTGT 

CGCAGTCCACTTGGCCATCGCACCTCCAGAACTGAGGAATG 

CAGCGGTTGACACGGCCCCCACAGCTGAAGTCCCCGGA 


3533 


GGAGGTGCGATGGCCAA 


3534 


TTGGCCATCGCACCTCC 




Hypercholesterolaemia 

Gln71Glu 

cCAA-GAA 

* 


GACTTCAGCTGTGGGGGCCGTGTCAACCGCTGCATTCCTCA 

GTTCTGGAGGTGCGATGGCCAAGTGGACTGCGACAACGGCT 

CAGACGAGCAAGGCTGTCGTAAGTGTGGCCCTGCCTTTG 


3S3S - i 


CAAAGGCAGGGCCACACTTACGACAGCCTTGCTCGTCTGAG 
CCGTTGTCGCAGTCCACTrGGCCATCGCACCTCCAGAACTGA 1 
GGAATGCAGCGGTTGACACGGCCCCCACAGCTGAAGTC 


3537 


GCGATGGCCAAGT GGAC 


3538 


GTCCACTTGGCCATCGC 1 


3539 


Hypercholesterolaemia 

Pvc74Glv 

cTGC-GGC 


TGTGGGGGCCGTGTCAACCGCTGCATTCCTCAGTTCt6GA6 

1 1 WWWWWWW W 1 1 W/w»WWWW 1 WW/i 1 1 WW 1 WnVJ 1 1 W 1 ww*«w 

GTGCGATGGCCMGTGGACTGCGACMCGGCTCAGACGAGC 

w 1 ww w#> 1 UVJwVnnU 1 wwr>w f vWVJnwnnUUUw 1 vnvnUunvv 

AAGGCTGTCGTAAGTGTGGCCCTGCCTTTGCTATTGAGC 


3540 


GCTCAATAGCAAAGGCAGGGCCACACTTACGACAGCCTTGCT 

CGTCTGAGCCG1TGTCGCAGTCCACTTGGCCATCGCACCTC 

CAGAACTGAGGAATGCAGCGGTTGACACGGCCCCCACA 


3541 


AAGTGGACTGCGACAAC 


3542 


GTTGTnGCAGTCCACTT 

vl Iwl WWWrtw 1 WUnW 1 1 


3543 


Hypercholesterolaemia 
Ser78Term 

WWI P W ■ vl 111 

TCA-TGA 


TCMCCGCTGCATTCCTCAGTTCTGGAGGTGCGATGGCCAAG 

1 OrvVuvUU 1 UuA | 1 WW 1 Wnw 1 Iwl ww/^W W 1 wV9n 1 UUwUAnU 

TGGACTGCGACAACGGCTCAGACGAGCAAGGCTGTCGTAAG 
TGTGGCCCTGCCTTTGCTATTGAGCCTATCTGAGTCCT 


3544 


AGGACTCAGATAGGCTCAATAGCAAAGGCAGGGCCACACTTA 
CGACAGCCTTGCTCGTCTGAGCCGTTGTCGCAGTCCACTTGG 

wvnwnwww i i ^^w I w\^ I w i wrtwww w ■ i w i vvwnv I ww#»w I i v^wj 

CCATCGCACCTCCAGAACTGAGGAATGCAGCGGTTGA 


3545 


CAACGGCTCAGACGAGC 


3546 


GCTCGTCTGAGCCGTTG 

WW 1 WW 1 W 1 Wnwvvv 1 1 w 


3547 


Hypercholesterolaemia 

Glu80Lys 

cGAG-AAG 


CGCTGCATTCCTCAGTTCTGGAGGTGCGATGGCCAAGTGGA 

www 1 wn 1 1 ww 1 uAVJ 1 Iwl VJVjn\3v 1 vvUn 1 VJvvvnnU 1 \J\JJ\ 

CTGCGACAACGGCTCAGACGAGCAAGGCTGTCGTAAGTGTG 
GCCCTGCCTTTGCTATTGAGCCTATCTGAGTCCTGGGGA 


3548 


TCCCCAGGACTCAGATAGGCTCAATAGCAAAGGCAGGGCCA 

CACTTACGACAGCCTTGCTCGTCTGAGCCG7TGTCGCAGTCC 

ACTTGGCCATCGCACCTCCAGAACTGAGGAATGCAGCG 


3549 


GCTCAGACGAGCAAGGC 


3550 


GCCTTGCTCGTCTGAGC 

www 1 1 ww 1 ww Iwl wnUw 


3551 


Hvnprrhnlp<5fprnlapmia 

1 IjUwl wllwlGwlwl wlQwIlllu 

Glu80Teim 
cGAG-TAG 


CGCTGCATTCCTCAGTTCTGGAGGTGCGATGGCCAAGTGGA 

Www 1 wwn i i ww i w#»wj i i w i vjvjrwjvj i v** w w/ \ i www unnw i vwn 

CTGCGACAACGGCTCAGACGAGCAAGGCTGTCGTAAGTGTG 
GCCCTGCCTTTGCTATTGAGCCTATCTGAGTCCTGGGGA 


3552 


TCCCCAGGACTCAGATAGGCTCAATAGCAAAGGCAGGGCCA 

CACTTACGACAGCCTTGCTCGTCTGAGCCGTTGTCGCAGTCC 

AC7TGGCCATCGCACCTCCAGMCTGAGGAATGCAGCG 


3553 


GCTCAGACGAGCAAGGC 


3554 



( 



( 



WO 01/73002 



-239- 



PCT/US01/09761 



ma 



HypercholesteroJaemia 
Gln81Term 

gCAA-TM 



Hypercholesterolaemia 
Cys88Arg 

gTGC-CGC 



GCCTTGCTCfiTCTGAGC 

TGCCTTTGCTATT GAGCCTATCTr,AfiTf>n-^ ^^ Tr; 

CAGACGAGCAAGGCTQT " 



ACAGCCTTGCTCGTCTG 

i uijbAbACTTCACAC(^tGATGGTGGTCTC^G~CCCATCr^ 

CCCTGCAGCCCCCM(^CGTGCTCCCA(^C^GmCGCT 
GCCACGATGGGMGTfirATCTCTCG^Affrrr^^ryr^ 

r^A^™I GCCGAGAGATGCAC1TCCCA TCGTGGCAG 
CGAAACTCGTCCTGGGAGCACGTCTT GGGGGCTGCAGGGM 

^^~^^^26P^P^ICAC^GJGJ^^TCTC^V 
CCAAGACGTGCfcCf^Afi 



3555 
3556 



3557 



lypercrtolesterolaemia 
Glu92Term 

cGAG-TAG 



CTGGGAGCACGTCTTGG 



Hypercholesterolaemia 
Cys95Arg 

cTGC-CGC 



CAUili rGATGG I GG I C TCGGCCUI CCAl CtXiTGCAGCCcTI 

(XCAGGACGAGTTTCGC 

GCGAAACTCGTCCTGGG 

CTCCCAGGACGA(mTCGCIGCCACGATGG(^GTGCATCT 
CTCGGCAGTTCGTCT^GACTCA(^CCGG fi ^SS CT 

' C ' ^GT CACAGACGAACTGCCGAGAG 

ATGCACTTCCCATCGTGGCAGCGAMCTCGTCCTGGGAGCA 
C(3TCTTGGGGGCTGOAGGGATGGATGGr^^Ar^ A 



3558 
3559 
3560 



3561 



3562 
3563 
3564 



3565 



nypercnoiesterolaemia 
Asp97Tyr 

cGAT-TAT 



Hypercnoiesterolaemia 
Tro(-12)Arg 

cTGG-AGG 



AGTTTCGCTGCCACGAT 
ATCGTGGCAGCGAAArrr 

~*^!£l rCCA ' CCC 1 GCAGCCCLCAAGACG rGCTCCCA 

AGTTCGTCTGTGACTCAGACCGGGAnTflnTT^Ar^ 

^S^ GCAG 1 CCC GGTCTGAGTCACAGACGAACTGC 

^^^?^I^o A ^^^^^-^^^^ A ^^^^CGTCCTG 
GGAGCACGTCTTGGGGGCTGCAGGGATrir,ATo^rr^^ 

GCTGCCACGATGGGAAG 

CTTCCCATCGTGGCAnn 



3566 
3567 
3568 



3569 



3570 



3571 



Cr^rr^^^Si 1 g ^ a ^GGCTGC(^G^gW 



3572 



3573 



3574 



3575 



3576 



WO 01/73002 



PCT/US01/09761 



-240- 



IGBitica! Phenofep^ ill 








GGCGCCTGGAGCAAGCCTTACCTGCAGTCCCCGCCGCGGC 

GAGGAGCAAGGCGACGGTCCAGCGCAATTTCCAGCCCCAGG 

GCCCCATGCTCGCAGCCTCTGCCAGGCAGTGTCCCGACCC 


3577 


AATTGCGCTGGACCGTC 


3578 


GACGGTCCAGCGCAATT 


357Q 


Hypercholesterolaemia 

TroM8)Term 

TGGg-TGA 


CAGCAGGTCGTGATCCGGGTCGGGACACTGCCTGGCAGAGG 

w#^wwr%ww i w w i w/» i vvuvvJ i w www#»wr^w 1 www I uvJvnunvjvj 

CTGCGAGCATGGGGCCCTGGGGCTGGAAATTGCGCTGGACC 
GTCGCCTTGCTCCTCGCCGCGGCGGGGACTGCAGGTAAG 


35R0 


CTTACCTGCAGTCCCCGCCGCGGCGAGGAGCAAGGCGACG 
GTCCAGCGCAATTTCCAGCCCCAGGGCCCCATGCTCGCAGC 

\j i v> >«/ v** v«/# v» iii w wn^j w ww vnuu w w w w/» i w\> i wwwr\\aajw 

CTCTGCCAGGCAGTGTCCCGACCCG^ATCACGACCTGCTG 


3581 


GGGCCCTGG.GGCTGGAA 


3582 


TTfiPAGCcccAGGGCCC 

1 1 WW** WW ww wr^wwWwww 


35R3 


Hypercholesterolaemia 

Metf-21)Leu 

cATG-TTG 


CAGnTAGGACACAGCAGGTCGTGATnCGGGTCGGGACACTG 

vnVJV 1 nvUnUAvnvunUU 1 ww 1 W/A 1 ww www 1 vwvjUnUnU I w 

CCTGGCAGAGGCTGCGAGCATGGGGCCCTGGGGCTGGAAA 
TTGCGCTGGACCGTCGCCTTGCTCCTCGCCGCGGCGGGGA 


3584 


TCCCCGCCGCGGCGAGGAGCAAGGCGACGGTCCAGCGCAA 
TTTCCAGCCCCAGGGCCCCATGCTCGCAGCCTCTGCCAGGC 

III VvnwvvwvnwvwvWvwn ■ vv i wvvnvvv • W » v^ww/»w w w 

AGTGTCCCGACCCGGATCACGACCTGCTGTGTCCTAGCTG 


3585 


CTGCGAGCATGGGGCCC 


3586 


OuOwwwmUO 1 www/Aw 




Hypercholesterolaemia 

lviei^*A I J Vol 

CATG-GTG 


rAnrTAttf^ArArAnrAnnTr^TfiATrrfi^f^Trfi^^AnArTf^ 

wnvv I nOOftwnwAuwnOO 1 ww 1 un 1 wwwww 1 UOOununu 1 w 

rPTn^rAnAttfirTRrfiAnrATnrv^rrrtf^f^nr^rTttfiAAA 
TTGCGCTGGACCGTCGCCTTGCTCCTCGCCGCGGCGGGGA 


35RR 1 


TCCCCGCCGCGGCGAGGAGCAAGGCGACGGTCCAGCGCM 
TTTKCAGCnCnAGGGCCnCATGCTCGCARCCTCTGCCAGGC 

1 1 1 WwAwWvWwnvVJwwwwwn 1 WW 1 w WWrAwww 1 w 1 Www/AWw w 

AGTGTCCCGACCCGGATCACGACCTGCTGTGTCCTAGCTG 


3589 


CTGCGAGCATGGGGCCC 


3590 


wwwwVwwr\ 1 ww 1 wwwrtw 




Hypercholesterolaemia 

He101Phe 

cATC-TTC 


ATrrrTGTAGrrnrnAAGArGTGnTrrrAGGArGAGTTTnG 

A 1 www 1 \JWnV3uwwwwnn\jnvu 1 ww 1 w wwrtuUnw VJAu 1 1 1 WW 

CTGCCACGATGGGAAGTGCATCTCTCGGCAGTTCGTCTGTGA 
CTCAGACCGGGACTGCTTGGACGGCTCAGACGAGGCCT 


3*5Q2 


AGGCCTCGTCTGAGCCGTCCAAGCAGTCCCGGTCTGAGTCA 
CAGACGAACTGCCGAGAGATGCACTTCCCATCGTGGCAGCG 

wi»^?#»ww#w\W i \jwwvrf*»w«»%^*» ■ v^wnw i i www#» i vw ■ vjww/»n^ww 

AAACTCGTCCTGGGAGCACGTCTTGG" "GCTGCAGGGAT 


3593 


GGAAGTGCATCTCTCGG 


3594 


PPGAGAGATGrAPTTrC 




ny pel wi luiwdici UI0CJ I no 

Gln104Term 
gCAG-TAG 


GCCCCCAAGACGTGCTCCCAGGACGAGTTTCGCTGCCACGA 

UvvwwvnnUnUU 1 WW 1 wwwriWWr\wWf\W 1 1 i WWW 1 UWwnvvn 

TGGGAAGTGCATCTCTCGGCAGTTCGTCTGTGACTCAGACCG 
GGACTGGTTGGACGGCTCAGACGAGGCCTCCTGCCCGG 


3596 


CCGGGCAGGAGGCCTCGTCTGAGCCGTCCAAGCAGTCCCG 

GTCTGAGTCACAGACGAACTGCCGAGAGATGCACTTCCCATC 

GTGGCAGCGAAACTCGTCCTGGGAGCACGTCTTGGGGGC 


3597 


TCTCTCGGCAGTTCGTC 


3598 



WO 01/73002 



(' 



-241- 



PCT/US01/09761 



Hypercholesterolaemia 
Cys113Arg 

cTGC-CGC 





3599 
3600 



3601 



Hypercholesterolaemia 
Glu119Lys 

cGAG-AAG 



nypercnoiesterolaemia 
Glu119Temi 

cGAG-TAG 



Hypercholesterolaemia 
Cys122Term 

TGCc-TGA 




.3602 
3603 
3604 



3605 





3606 
3607 
IDT 



3609 



3610 
3611 



3612 



3613 



Hypercholesterolaemia 
Cys127Trp 

TGTg-TGG 




3614 
3615 



3616 



3617 



hypercholesterolaemia 
Gln133Term 

;CAG-TAG. 




3618 
3619 
3620 



i 



c f 

WO 01/73002 PCT/US01/09761 

-242- 











CGCAGTCGGGGTCGTTGTCGCAGGCCCACAGCTGGGGGAT 

GCAGGTGGAGCTGTTGCACTGGAAGCTGGCGGGACCACAGG 

TGAGCACCGGGCAGGAGGCCTCGTCTGAGCCGTCCAAGCA 


3621 


CCAGCTTCCAGTGCAAC 


3622 


GTTGCACTGGAAGCTGG 


3623 


Hypercholesterolaemia 

Cys134Gly 

gTGC-GGC 


TTGGACGGCTCAGACGAGGCCTCCTGCCCGGTGCTCACCTG 

TGGTCCCGCCAGC7TCCAGTGCAACAGCTCCACCTGCATCC 

CCCAGCTGTGGGCCTGCGACAACGACCCCGACTGCGAAG 


3624 


CTTCGCAGTCGGGGTCGTTGTCGCAGGCCCACAGCTGGGGG 
ATGCAGGTGGAGCTGTTGCACTGGAAGCTGGCGGGACCACA 
GGTGAGCACCGGGCAGGAGGCCTCGTCTGAGCCGTCCAA 


3625 

ft 


GCTTCCAGTGCAACAGC 


3626 


GCTGTTGCACTGGAAGC 


3627 


Hypercholesterolaemia 

Cys139Gly 

cTGC-GGC 


GAGGCCTCCTGCCCGGTGCTCACCTGTGGTCCCGCCAGCTT 
CCAGTGCAACAGCTCCACCTGCATCCCCCAGCTGTGGGCCT 
GCGACAACGACCCCGACTGCGAAGATGGCTCGGATGAGT 


3626 


ACTCATCCGAGCCATCTTCGCAGTCGGGGTCGTTGTCGCAG 

GCCCACAGCTGGGGGATGCAGGTGGAGCTGTTGCACTGGAA 

GCTGGCGGGACCACAGGTGAGCACCGGGCAGGAGGCCTC 


3629 


GCTCCACCTGCATCCCC 


3630 


GGGGATGCAGGTGGAGC 


3631 

\0 v » 


Hypercholesterolaemia 

Cys139Tyr 

TGC-TAC 


AGGCCTCCTGCCCGGTGCTCACCTGTGGTCCCGCCAGCTTC 
CAGTGCAACAGCTCCACCTGCATCCCCCAGCTGTGGGCCTG 
CGACAACGACCCCGACTGCGAAGATGGCTCGGATGAGTG 


3632 


CACTCATCCGAGCCATCTTCGCAGTCGGGGTCGTTGTCGCA 

GGCCCACAGCTGGGGGATGCAGGTGGAGCTGTTGCACTGGA 

AGCTGGCGGGACCACAGGTGAGCACCGGGCAGGAGGCCT 


3633 


CTCCACCTGCATCCCCC 


3634 


GGGGGATGCAGGTGGAG 


3635 

^^^^^^ 


Hypercholesterolaemia 

Cys146Term 

TGCg-TGA 


CTGTGGTCCCGCCAGCTTCCAGTGCAACAGCTCCACCTGCAt 
CCCCCAGCTGTGGGCCTGCGACAACGACCCCGACTGCGAAG 
ATGGCTCGGATGAGTGGCCGCAGCGCTGTAGGGGTCTT 


3636 


AAGACCCCTACAGCGCTGCGGCCACTCATCCGAGCCATCTTC 

GCAGTCGGGGTCGTTGTCGCAGGCCCACAGCTGGGGGATG 

CAGGTGGAGCTGTTGCACTGGAAGCTGGCGGGACCACAG 


3637 


TGGGCCTGCGACAACGA 


3638 


TCGTTGTCGCAGGCCCA 


3639 


Hypercholesterolaemia 

Asp147Asn 

cGAC-AAC 

• 


TGTGGTCCCGCCAGCTTCCAGTGCAACAGCTCCACCTGCATC 
CCCCAGCTGTGGGCCTGCGACAACGACCCCGACTGCGAAGA 
TGGCTCGGATGAGTGGCCGCAGCGCTGTAGGGGTCTTT 


3640 


AAAGACCCCTACAGCGCTGCGGCCACTCATCCGAGCCATCTT 

CGCAGTCGGGGTCGTTGTCGCAGGCCCACAGCTGGGGGAT 

GCAGGTGGAGCTGTTGCACTGGAAGCTGGCGGGACCACA 


3641 


GGGCCTGCGACAACGAC 


3642 



WO 01/73002 PCT/US01/09761 

-243- 



Hypercholesterolaemia 
Asp147His 
cGAC-CAC 



!4>Sw:-V"'-v.vK 



:-Jk-:->;A-:-:-:-:*:-:-: 



k ■ »:-» ■ 1 



GTCGTTGTCGCAGGCCC 



Mypercnoiesterolaemia 
Asp147Tyr 
cGAC-TAC 



TGI GGTCCCGCCAGCTTCCAGTGCAACAGC I CCACCTGCATC 

CCCCAGCTGTGGGCCTGCGACAACGACCCCGACTGCGAAGA 
TGGCTCGGATGAGTGGCCGCAGCGCTGTAGGGGTCTTT 

AAAGACCCCTACAGCGCTGCGGCCACTCATCCGAGCCATCTT 

CGCAGTCGGGGTCGTTGTCGCAGGCCCACAGCTGGGGGAT 
GCAGGTGGAG CTGTTGCACTGGAAGCTGG nnfinArrArA 

GGGCCTGCGACAACGAC 
GTCGTTGTCGCAGGCCC 



3643 



3644 



3645 



Hypercholesterolaemia 
Cys152Arg 

cTGC-CGC 



Hypercholesterolaemia 

Cys152Gly 
cTGC-GGC 



Tu I UUTCCCGCUAliU ITCCAGTGCAACAGC I CCACCTGCATC 



CCCCAGCTGTGGGCCTGCGACAACGACCCCGACTGCGAAGA 
TGGCTCGGATGAGTGGCCGCAGCGCTGTAGGGGTCTTT 

AAAbAUCCCTACAGCGCTGCGGCCACTCATCCGAGCCATCTT 

CGCAGTCGGGGTCGTTGTCGCAGGCCCACAGCTGGGGGAT 
GCAGGTGGAGCTGTTGCACTGGAAGCTGGC GGGACCACA 
GGGCCTGCGACAACGAC 

GTCGTTGTCGCAGGfra 

TTCCAGTGCAACAGCTCCACCTGCATCCCCCAGCTGTGGGC 

CTGCGACAACGACCCCGACTGCGAAGATGGCTCGGATGAGT 
GGCCGCAGCGCTGTAGGGGTCTTTACGTGTTCCMGGGG 

CCCCTTGGAACACGTAAAGACCCCTACAGCGCTGCGGCCAC 

TCATCCGAGCCATCTTCGCAGTCGGGGTCGTTGTCGCAGGC 
CCACAGCTGGGGGATGCAGGTGGAGCTGTT fir.Arrror:AA 

ACCCCGACTGCGAAGAT 

ATCTTCGCAGTCGGGGT 



Hypercholesterolaemia 
Cys152Trp 
TGCg-TGG 



Hypercholesterolaemia 
Asp154Asn 
aGAT-AAT 



7 lUUAGTGCAACArJcTCcACCtGCAl CCCCCAGCTgTGggC 

ctgcgacaacgaccccgactgcgaagatggctcggatgagt 
ggccgcagcgctgtaggggtctttacgtgttccaagggg 

ccccttggaacacgtaaagacccctacagcgctgcggccac 

TCATCCGAGCCATCTTCGCAGTCGGGGTCGTTGTCGCAGGC 
CCACAGCTGGGGGATGCAGGTGGAGCTG TTfyArTr^AA 

ACCCCGACTGCGAAGAT 

ATCTTCGCAGTCGGGGT 

UUAU I GCMCAGC rCCACCTGCA I CCCCCAGCTGTGGGCCT 

GCGACAACGACCCCGACTGCGAAGATGGCTCGGATGAGTGG 
CCGCAGCGCTGTAGGGGTCTTTACGTGTTCCAAGGGGAC 

GTCCCCTTGGAACACGTAAAGACCCCTACAGCGCTGCGGCC 

ACTCATCCGAGCCATCTTCGCAGTCGGGGTCGTTGTCGCAG 
GCCCACAGCTGGGGGATGCAGGTGGAGnTfiTTfirArT^ 



3646 
3647 
3648 



3649 



3650 
3651 
3652 



3653 



3654 
3655 



3656 



3657 



CCCGACTGCGAAGATGG 

CCATCTTCGCAGTCGG S 

tgcmcagctccacctgcatcccccagctgtgggcctgcga' 
caacgaccccgactgcgmgatggctcggatgagtggccgc 

AGCGCTGTAGGGGTCTTTAnfiTQTTCCAAGGGGACAfiTA 



3658 
3659 
366I 



3661 



3662 
3663 
3664 



r 

WO 01/73002 



-244 



c 
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mm 

-.S:NS-:- » - -:-. : :-: : ::X : 


• 


TACTGTCCCCTTGGAACACGTAAAGACCCCTACAGCGCTGCG 

GCCACTCATCCGAGCCATCTTCGCAGTCGGGGTCGTTGTCG 

CAGGCCCACAGCTGGGGGATGCAGGTGGAGCTGTTGCA 


3665 


ACTGCGAAGATGGCTCG 


3666 


CGAGCCATCTTCGCAGT 


^667 


Hypercholesterolaemia 

Ser156Leu 

JCG-TTG 


GCTCCACCTGCATCCCCCAGCTGTGGGCCTGCGACAACGAC 

w w i w w/*w w i w w*» i \>w ww wn l w 1 Wwwww 1 UwUnUnnvv/iv 

CCCGACTGCGAAGATGGCTCGGATGAGTGGCCGCAGCGCTG 
TAGGGGTCTTTACGTGTTCCAAGGGGACAGTAGCCCCTG 


wUUO 


CAGGGGCTACTGTCCCCTTGGAACACGTAAAGACCCCTACAG 
CGCTGCGGCCACTCATCCGAGCCATCTTCGCAGTCGGGGTC 

GTTGTCGCAGGCCCACAGCTGGGGGATGCAGGTGGAGC 


3669 


AGATGGCTCGGATGAGT 


3670 


ACTCATCCGAGCCATCT 

#vw i w»» i wvwnwvvn i w i 




Hypercholesterolaemia 

Cvs1 63Tvr 
TGT-TAT 


TGTGGGCCTGCGACAACGACCCCGACTGfiGAAGAtGGCtCft 

1 w I www WW i www/iwnnww/iwwvwwnU 1 UvUnnUn 1 Uww 1 WW 

GATGAGTGGCCGCAt^^TGTARRRCTnTTTArtTTGTTrrAA 

w/» 1 Vjnu l www www/A ww ww lul AVjUVjvJ 1 w 1 I 1 r\w w 1 w 1 1 wwrVA 

GGGGACAGTAGCCCCTGCTCGGCCTTCGAGTTCCACTG 


wD/ C 


CAGTGGAACTCGAAGGCCGAGCAGGGGCTACTGTCCCCTTG 
GAACACGTAAAGACCCCTACAGCGCTGCGGCCACTCATCCG 

AGCCATCTTCGCAGTCGGGGTCGTTGTCGCAGGCCCACA 


3673 


GCAGCGCTGTAGGGGTC 


3674 


GACCCCTACAGCGCTGC 

Unvwvv i nunwwvw 1 WW 


OD/0 


Hypercholesterolaemia 

Tvr167Term 

TACg-TAG 


CAACGACCCCGACTGrGAAGATGGrTrGGATGAfiTGGrrGT 

wmUuAuUubUnw 1 w w wnnwA 1 www 1 OUuA 1 unu I www www 

AGCGCTGTAGGGGTCTTTACGTGTTCCAAGGGGACAGTAGC 
CCCTGCTCGGCCTTCGAGTTCCACTGCCTAAGTGGCGAG 


00 r0 


CTCGCCACTTAGGCAGTGGAACTCGAAGGCCGAGCAGGGGC 
TACTGTCCCCTTGGAACACGTAAAGACCCCTACAGCGCTf5CG 

i nw i w i ww ww f i wunnw/iu w i nnnwnwwwu 1 nwnvjuuw I www 

GCCACTCATCCGAGCCATCTTCGCAGTCGGGGTCGTTG 


3677 


GGTCTTTACGTGTTCCA 


3678 


TGGAACACGTAAAGACC 

i wwnnwnv w i nnnvjnww 


OOr 57 


Hypercholesterolaemia 

Gln170Term 

cCAA-TAA 


CCCGACTGCGAAGATGGCTCGGATGAGTGGnrftnAGPG^TG 

ww uunw i wwunnun I www I uwun I w/»w 1 www w w wrtwwww 1 w 

TAG<3G<3TCTTTACGTGTTCCAAGGGGACAGTAGCCCCTGCTC 
GGCCTTCGAGTTCCACTGCCTAAGTGGCGAGTGCATCC 


OuOU 


GGATGCACTCGCCACTTAGGCAGTGGAACTCGAAGGCCGAG 
CAGGGGCTACTGTCCCCTTGGAACACGTAAAGACCCCTACAG 
CGCTGCGGCCACTCATCCGAGCCATCTTCGCAGTCGGG 


3681 


ACGTGTTCCAAGGGGAC 


3682 


GTCCCCTT(5GAACACGT 

W 1 ww ww i 1 wwnnwnvw 1 




HvDercholesterolaemia 

Cys176Phe 

TGC-TTC 


CGGATGAGTGGCCGCAGCGCTGTAGGGGTCTTTACGTGTTC 

Vv w*» i i wwwwwwnwwww I vj I nw w vjvj i w ill w- I I 1 w 

CAAGGGGACAGTAGCCCCTGCTCGGCCTTCGAGTTCCACTG 
CCTAAGTGGCGAGTGCATCCACTCCAGCTGGCGCTGTGA 


3684 


TCACAGCGCCAGCTGGAGTGGATGCACTCGCC.^nTTAGGCA 
GTGGAACTCGAAGGCCGAGCAGGGGCTACTGTCCCCTTGGA 
ACACGTAAAGACCCCTACAGCGCTGCGGCCACTCATCCG 


3685 


TAGCCCCTGCTCGGCCT 


3686 



WO 01/73002 

PCT/US01/09761 
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Hypercholesterolaernia 

Cys176Tyr 

TGC-TAC 



lypercholesterolaemia 
Ser177Leu 
TCG-TTG 



Hypercholesterolaemia 

Glu187Lys 

cGAG-AAG 



AGGCCGAGCAGGGGCTA 

CGGATGAGTGGCCGCAGCGCTGT AGGGGTCTTTACGTGTTC 

CAAGGGGACAGTAGCCCCTGCTCGGCCTTCGAGTTCCACTG 
CCTAAGTGGCGAGTGCATCCACTCCAGCTGGCGCTGTG A 

TCAUAUCGCCAGCTGGAGTGGATGCACTCGCCACTTAGGCA 
GTGGAACTCGAAGGCCGAGCAGGGGCT ACTGTCCCCTTGGA 
ACACGTAAAGACCCCTACAGCGCTGCGfir. nArTrATrrn 

TAGCCCCTGCTCGGCCT " 

AGGCCGAGCAGGGGCTA 

A I tiA(37 GGCCGCAGCGCTGTAGGGG I C 1 1 IACGTGTTCCAAG" 



§§§_ 
3687 
3688 



3689 



Hypercholesterolaemia 

His190Tyr 

cCAC-TAC 



lypercholesterolaemia 
Gly198Asp 

GGC-GAC 



iypercriolesterolaemia 
Asp200Asn . 
cGAC-AAC 



GGGACAGTAGCCCCTGCTCGGCCTTCGAGTTCCACTGCCTA 
AGTGGCGAGTGCATCCACTCCAGCTGGCGCTGTGATGfi 

CCATCACAGCGCCAGCTGGAGTGGATGCACTCGCCACTTAG 

GCAGTGGAACTCGAAGGCCGAGCAGGGGCTACTGTCCCCTT 
GGAACACGTAMGACCCCTACAGCGCTfir ^rArTrAT 

CCCCTGCTCGGCCTTCG 

CGAAGGCCGAGCAGGGG 

l AUCi rGTTCCAAULKiGACAGTAGCCCO I GCTCGGCCTTCGA 

GTTCCACTGCCTAAGTGGCGAGTGCATCCACTCCAGCTGGC 
GCTGTGATGGTGGCCCCGACTGCAAGGACAAATCTGACR 

CGiUAOATTTGTCCTTGCAGTCGGGGCCACCATCACAGCGC 

CAGCTGGAGTGGATGCACTCGCCACTTAGGCAGTGGAACTC 
GAAGGCCGAGCAGGGGCTACTGTCCCCTT^ AArArriT A 

TAAGTGGCGAGTGCATC ~ " 

GATGCACTCGCCACTTA 

CAAGGGGACAGTAGCCCCTGCTCGGCCTTCGAGTTCCACTG" 

CCTAAGTGGCGAGTGCATCCACTCCAGCTGGCGCTGTGATG 
GTGGCCCCGACTGCAAGGACAAATCTGACGAGGAAAACT 

AGTTi I CCTCGTCAGATTTGTCCTTGCAGTCGGGGCCACCAT 

CACAGCGCCAGCTGGAGTGGATGCACTCGCCACTTAGGCAG 
TGGAACTCGAAGGCCGAGCAGGGGCTAnT fiTrnrrTTft 

AGTGCATCCACTCCAGC 

GCTGGAGTGGATGCACT 

Ui; 1 1 CGAGTTCUAU I (iCCTAAGl GGCGAG I GCATCCACTCCA 

GCTGGCGCTGTGATGGTGGCCCCGACTGCAAGGACAAATCT 
GACGAGGAAAACTGCGGTATGGGCGGGGCCAGGGTGfift 

CCCACCCTGGCCCCGCCCATACCGUAGI 1 1 1 CCTCGTCAGAT 

TTGTCCTTGCAGTCGGGGCCACCATCACAGCGCCAGCTGGA 
GTGGATGCACTCGCCACnAGGCAGTGRAA frrrnAA^ 

TGATGGTGGCCCCGACT 

AGTCGGGGCCACCATCA 

UA(i I TCCACTGCC J AAGTGGCGAG I GCATCCACTCCAGCTG" 

GCGCTGTGATGGTGGCCCCGACTGCAAGGACAAATCTGACG 
AGGAAAACTGC GGTATGGRCfiGGGCCAGGGTGGGfiRnnfi 



3690 
3691 
3691 



3693 



3694 
3695 
3696" 



3697 



3698 
3699 
3700 



3701 



3705 



3706 
3707 
3708 



( 
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CCGCCCCCACCCTGGCCCCGCCCATACCGCAGTTTTCCTCG 

TCAGATTTGTCCTTGCAGTCGGGGCCACCATCACAGCGCCAG 

CTGGAGTGGATGCACTCGCCACTTAGGCAGTGGAACTC 


3709 


GTGGCCCCGACTGCMG 


3710 


CTTGCAGTCGGGGCCAC 


3711 


Hypercholesterolaemia 

Asp200Gly 

GAC-GGC 


AGTTCCACTGCCTAAGTGGCGAGTGCATCCACTCCAGCTGGC 
GCTGTGATGGTGGCCCCGACTGCAAGGACAAATCTGACGAG 
GAAAACTGCGGT ATGGGCGGGGCCAGGGTGGGGGCGGG 


3712 


CCCGCCCCCACCCTGGCCCCGCCCATACCGCAGTTTTCCTC 

GTCAGATTTGTCC7TGCAGTCGGGGCCACCATCACAGCGCCA 

GCTGGAGTGGATGCACTCGCCAC7TAGGCAGTGGAACT 


3713 


TGGCCCCGACTGCAAGG 


3714 


CCTTGCAGTCGGGGCCA 


3715 


Hypercholesterolaemia 

AsD200Tyr 

cGAC-TAC 


GAGTTCCACTGCCTAAGTGGCGAGTGCATCCACTCCAGCTG 
GCGCTGTGATGGTGGCCCCGACTGCAAGGACAAATCTGACG 
AGGAAAACTGCGGTATGGGCGGGGCCAGGGTGGGGGCGG 


3716 


CCGCCCCCACCCTGGCCCCGCCCATACCGCAGTTTTCCTCG 

TCAGATTTGTCCTTGCAGTCGGGGCCACCATCACAGCGCCAG 

CTGGAGTGGATGCACTCGCCACTTAGGCAGTGGAACTC 


3717 


GTGGCCCCGACTGCMG 


3718 


CTTGCAGTCGGGGCCAC 


3719 


Hypercholesterolaemia 

oyo^u I i ci in 

TGCa-TGA 


CCACTGCCTAAGtGGCGAGTGCATCCACTCCAGCTGGCGCT 

wwrVv 1 www I nr\v I w www#»^J I Wwit I vwnw I w wn w w I ww www ■ 

GTGATGGTGGCCCCGACTGCAAGGACAAATCTGACGAGGAA 

w 1 \J/ \ 1 ww 1 ww w wwww/»w I vvnnw w/\ w»ww \ i w i w#»wwi*ww/w» 

AACTGCGGTATGGGCGGGGCCAGGGTGGGGGCGGGGCGT 


3720 


ACGCCCCGCCCCCACCCTGGCCCCGCCCATACCGCAGTTTT 
CCTCGTCAGATTTGTCCTTGCAGTCGGGGCCACCATCACAGC 
GCCAGCTGGAGTGGATGCACTCGCCACTTAGGCAGTGG 


3721 


CCCGACTGCAAGGACAA 


3722 


TTGTCCTTG C AGTCGGG 


3723 


Hypercholeste Maemia 

Cys201Tyr 

T6C-TAC 


TCCACTGCCTAAGTGGCGAGTGCATCCACTCCAGCTGGCGC 
TGTGATGGTGGCCCCGACTGCAAGGACAAATCTGACGAGGA 
AAACTGCGGTATGGGCGGGGCCAGGGTGGGGGCGGGGCG 


3724 


CGCCCCGCCCCCACCCTGGCCCCGCCCATACCGCAGTTTTC 
CTCGTCAGATTTGTCCTTGCAGTCGGGGCCACCATCACAGCG 
CCAGCTGGAGTGGATGCACTCGCCACTTAGGCAGTGGA 


3725 


CCCCGACTGCAAGGACA 


3726 


TGTCCTTGCAGTCGGGG 

1 w 1 WW I 1 Uwnw 1 W.W WWW 


3727 


HvDercholesterolaemia 

Asp203Asn 

gGAC-AAC 


TGCCTAAGTGGCGAGTGCATCCACTCCAGCTGGCGCTGTGA 
TGGTGGCCCCGACTGCAAGGACAAATCTGACGAGGAAAACT 
GCGGTATGGGCGGGGCCAGGGTGGGGGCGGGGCGTCCTA 


3728 


TAGGACGCCCCGCCCCCACCCTGGCCCCGCCCATACCGCA 
GTTTTCCTCGTCAGATTTGTCCTTGCAGTCGGGGCCACCATC 
ACAGCGCCAGCTGGAGTGGATGCACTCGCCACTTAGGCA 


3729 


ACTGCAAGGACAAATCT 


3730 



WO 01/73002 

PCT/USO 1/09761 

•247- 



Asp203Gly 
GAOGGC 



3731 



3733 



Hypercholesterolaemia 
Asp203Val 
GAC-GTC 



3734 
3735 



3736 



Hypercholesterolaemia 
Ser205Pro 
aTCT-CCT 



AGATTTGTCCTTGCAGT 

(iu; 1 AAGTGGCGAGTGCATCCAC I CCAGCTGGCGC I G TGAT I 3732 

GGTGGCCCCGACTGCAAGGACAAATCTGACGAGGAAAACTG 
CGGTATGGGCGGGGCCAGGGTGGGGGCGGGGCGTCC TAT 

ATAGUAUCiCCCCGCCCCCACCCTGGCCCCGCCCATACCGCA 

GTTTTCCTCGTCAGATTTGTCCTTGCAGTCGGGGCCACCATC 
ACAGCGCCAGCTGGAGTGGATGCACTCGCC ACTTAfifir. 
CTGCAAGGACAAATCTG 

CAGATTTGTCCTTGCAG 

GCCTAAGTGGCGAGTGCATCCACTCCAGCTGGCGCTGTGAT 

GGTGGCCCCGACTGCAAGGACAAATCTGACGAGGAAAACTG 
CGGTATGGGCGGGGCCAGGGTGGGGGCGGGGCGTCC TAT 

ATAGiiAUCSCCCCGCCCCCACCCTGGCCCCGCCCATACCGCA 

GTnTCCTCGTCAGATTTGTCCTTGCAGTCGGGGCCACCATC 
ACAGCGCCAG CTGGAGTGGATGCACTrr^ rArTTA^ 

CTGCAAGGACAAATCTG 

CAGATTTGTCCTTGCAG 

AU I UC3CGAGTGCA I CCACTCCAGC I GGCGC rGTGATGGTGG" 

CCCCGACTGCAAGGACAAATCTGACGAGGAAAACTGCGGTAT 
GGGCGGGGCCAGGGTGGGGGCGGGGCGTCCTATCAC CT 
AGG I liAl AGGACGCCCCGCCCCCACCCTGGCCCCGCCCATA 

CCGCAGTTTTCCTCGTCAGATTTGTCCTTGCAGTCGGGGCCA 
CCATCACAGCGCCAGCTGGAGTGGATRnA nTrrirrArT 

AGGACAAATCTGACGAG 
CTCGTCAGATTTGTCCT 



3737 



Asp206Glu 
GACg-GAG 



Myperchoiesterolaemia j UiAGTGCAl CCAC J CCAGCTGGCGC I G I GA I GGTGGCCCCt? 

ACTGCAAGGACAAATCTGACGAGGAAAACTGCGGTATGGGC 
GGGGCCAGGGTGGGGGCGGGGCGTCCTATCACPTfiTr m 

GGGACAGGTGATAGGACGCCCCGCCCCCACCCTGGCCCCG 

CCCATACCGCAGTTTTCCTCGTCAGATTTGTCCTTGCAGTCG 
GGGCCACCATCACAGCGCP AGCTGGAGTGGA TGCACTrft 
AAATCTGACGAGGAAAA 

TTTTCCTCGTCAGATTT 

GAGTGCATCCACTCCAGCTGGCGCTGTGATGGTGGCCCCGA 

CTGCAAGGACAAATCTGACGAGGAAAACTGCGGTATGGGCG 
GGGCCAGGGTGGGGGCG GGGCGTCCTATCACCTfiTPr. nT 

AGGGACAGGTGATAGGACGCCCCGCCCCCACCCTGGCCCC 

GCCCATACCGCAGTTTTCCTCGTCAGATTTGTCCTTGCAGTC 
GGGGCCACCATCACAGCGnnAGCTGGAGTG GATGCAnTr 
I A ATCTGACGAGGAAAAC 

Jttttcctcgtcagatt 



3738 
3739 
1740 



3741 



3745 



Hypercholesterolaemia 
Glu207Gln 

cGAG-CAG 



3746 
3747 

374? 



3749 



3750 
3751 



f (.. 

WO 01/73002 PCT/US01/09761 

-248- 



MutatiOR 






Hypercholesterolaemia 

Glu207Lys 

cGAG-AAG 


GAGTGCATCCACTCCAGCTGGCGCTGTGATGGTGGCCCCGA 
CTGCAAGGACAAATCTGACGAGGAAAACTGCGGTATGGGCG 
GGGCCAGGGTGGGGGCGGGGCGTCCT ATCACCTGTCCCT 


3752 


AGGGACAGGTGATAGGACGCCCCGCCCCCACCCTGGCCCC 
GCCCATACCGCAGlTnCCTCGTCAGATTTGTCCTTGCAGTC 
GGGGCCACCATCACAGCGCCAGCTGGAGTGGATGCACTC 


3753 


AATCTGACGAGGAAAAC 


3754 


GTTTTCCTCGTCAGATT 


3755 


Hypercholesterolaemia 

Glu207Term 

cGAG-TAG 


"GAGTGCATCCACtCCAGCTGGCGCTGTGATGGTGGCCCCGA 

CTGCAAGGACAAATCTGACGAGGAAAACTGCGGTATGGGCG 

GGGCCAGGGTGGGGGCGGGGCGTCCTATCACCTGTCCCT 


3756 


AGGGACAGGTGATAGGACGCCCCGCCCCCACCCTGGCCCC 
GCCCATACCGCAGTTTTCCTCGTCAGATTTGTCCTTGCAGTC 
GGGGCCACCATCACAGCGCCAGCTGGAGTGGATGCACTC 


3757 


AATCTGACGAGGAAAAC 


3758 


GTTTTCCTCGTCAGATT 


3759 


Hypercholesterolaemia 

Glu219Lys 

cGAA-AAA 


TCTTGAGAAAATCAACACACTCTGTCCTGTTTTCCAGCTGTGG 
CCACCTGTCGCCCTGACGAATTCCAGTGCTCTGATGGAAACT 
GCATCCATGGCAGCCGGCAGTGTGACCGGGAATATG 


3760 

■ ^F ^F 


CATATTCCCGGTCACACTGCCGGCTGCCATGGATGCAGTTTC 
CATCAGAGCACTGGAATTCGTCAGGGCGACAGGTGGCCACA 
GCTGGAAAACAGGAC AG AGTGTGTTGA 1 1 1 ICTCAAGA 


3761 


GCCCTGACGAATTCCAG 


3762 


CTGGAATTCGTCAGGGC 


3763 


Hypercholesterolaemia 

Gln221Tenm 

cCAG-TAG 


GAAAATCAACACACTCIGICCIGI 1 1 1 CCAGCTGTGGCCACCT 

GTCGCCCTGACGAATTCCAGTGCTCTGATGGAAACTGCATCC 

ATGGCAGCCGGCAGTGTGACCGGGAATATGACTGCA 


3764 


TGCAGTCATATTCCCGGTCACACTGCCGGCTGCCATGGATGC 
AGTTTCCATCAGAGCACTGGAATTCGTCAGGGCGACAGGTGG 
CCACAGCTGGAAAACAGGACAGAGTGTGTTGATTTTC 


3765 


ACGAATTCCAGTGCTCT 


3766 


AGAGCACTGGAATTCGT 


3767 


Hypercholesterolaemia 
TGC-TTC 

• 


CCTGTTTI CCAGCTGTGGCCACCTGTCGCCCTGACGAATTCC 

AGTGCTCTGATGGAAACTGCATCCATGGCAGCCGGCAGTGT 

GACCGGGAATATGACTGCAAGGACATGAGCGATGAAGT 


3768 

• 


ACTTCATCGCTCATGTCCTTGCAGTCATATTCCCGGTCACACT 
GCCGGCTGCCATGGATGCAGTTTCCATCAGAGCACTGGAATT 
CGTCAGGGCGACAGGTGGCCACAGCTGGAAAACAGG 


3769 


TGGAAACTGCATCCATG 


3770 


CATGGATGCAGTTTCCA 


3771 


Hypercholesterolaemia 

Asp235Glu 

GACc-GAA 


TCGCCCTGACGAATTCuAGTGCTCTGATGGAAACTGCATCCA 
TGGCAGCCGGCAGTGTGACCGGGAATATGACTGCAAGGACA 
TGAGCGATGAAGTTGGCTGCGTTAATGGTGAGCGCTGG 


3772 



( 

WO 01/73002 

PCT/US01/09761 

-249- 



nypercnoiesterolaemia 
Asp235Gly 

GAC-GGC 



hypercnotesterolaemia 

Glu237Lys 

gGAA-AAA 



CCAGCGCTCACCATTMCGCAGCCMCTTCATCGCTCATGTC' 

C7TGCAGTCATATTCCCGGTCACACTGCCGGCTGCCATGGAT 
GCAGTTTCCATCAGAGCACTGGAATTCGTCAG GGCGA 
CAGTGTGACCGGGAATA ~~ 

TATTCCCGGTCACACTG 

w I UiUUCTGACGM 1 1 CCAGTGCTC I GA I GGAAACTGCATCC 

ATGGCAGCCGGCAGTGTGACCGGGAATATGACTGCAAGGAC 
ATGAGCGATGAAGTTGGCTGCGTTAATGGTGAGCGCTR 



mm 



3773 



3774 
3775 
3776 



3777 



Hypercholesterolaemia 

Cys240Phe 

TGC-7TC 



iypercholesteroiaemia 
Asp245Glu 

GATg-GAA 



Hypercholesterolaemia 
Cys249Tyr 

TGC-TAC 



3778 
3779 
37W 



HaA I bAACjTT GGCTGCGTTAATGGTGAGCGCTGGCCAT 

ATGGUCAGCGCTCACCATTMCGCAGCCAACTTCATCGCTCA 

TGTCCTTGCAGTCATATTCCCGGTCACACTGCCGGCTGCCAT 
GGATGCAGTTTCCATCAGAGCACTGfiAATT rriTrA^ 

GTGACCGGGAATATGAC ~ 

GTCATATTCCCGGTCAC 

TCCAGTGCTCTGATGGAAACTGCATCCATGGCAGCCGGCAGT 

GTGACCGGGAATATGACTGCAAGGACATGAGCGATGAAGTTG 
GCTGCGTTAATGGTGAGCGCTGGCCATCTGGTTTTCC 

ggaaaauuagatggccagcgctcaccattaacgcagccaact' 

TCATCGCTCATGTCCTTG^AftTr AT ATrr nnnrrrn. a/^a 

CGGCTGCCATGGATGC/ 

ATATGACTGCAAGGACA 
TGTCCTTGCAGTCATAT 

AAAU I GCATCCA I GGCAGCCGGCAG I G I GACCGGGAATATG" 

ACTGCAAGGACATGAGCGATGAAGTTGGCTGCGTTMTGGTG 
AGCGCTGGCCATCTGGTTTTCCATCCCCCATTCTCTGT 



3781 



3782 
3783 
3784 



3785 



3786 
3787 
3788" 



3789 



3790 
3791 
3792 



r ( 

WO 01/73002 V PCT7US01/09761 

-250- 











CATTMCGCAGCCAACT 


3795 


Hypercholesterolaemia 

Glu256Lys 

cGAG-AAG 


AGGCTCAGACACACCTGACCTTCCTCCTTCCTCTCTCTGGCT 
CTCACAGTGACACTCTGCGAGGGACCCAACMGTTCMGTGT 
CACAGCGGCGAATGCATCACCCTGGACAAAGTCTGCA 


3796 


TGCAGAC7TTGTCCAGGGTGATGCATTCGCCGCTGTGACACT 
TGAACTTGTTGGGTCCCTCGCAGAGTGTCACTGTGAGAGCCA 
GAGAGAGGAAGGAGGMGGTCAGGTGTGTCTGAGCCT 


3797 


CACTCTGCGAGGGACCC 


3798 


GGGTCCCTCGCAGAGTG 

• %pv^pr^pv I ^pF^pP^p** »^ipf# • i ^pv 


3799 


Hypercholesterolaemia 

Ser265Arg 

AGCg-AGA 


CCTCTCTCTGGCTCTCACAGTGACACTCTGCGAGGGACCCAA 
CAAGTTCAAGTGTCACAGCGGCGAATGCATCACCCTGGACAA 
AGTCTGCAACATGGCTAGAGACTGCCGGGACTGGTCA 


3800 


TGACCAGTCCCGGCAGTCTCTAGCCATGTTGCAGACTTTGTC 
CAGGGTGATGCATTCGCCGCTGTGACACTTGAACTTGTTGGG 
TCCCTCGCAGAGTGTCACTGTGAGAGCCAGAGAGAGG 


3801 


TGTCACAGCGGCGAATG 


3802 


CATTCGCCGCTGTGACA 

^pr# 1 1 f %P* ^P* V ■ * V* * « 


3803 


Hypercholesterolaemia 

Glu267Lvs 

cGAA-AAA 


TCTCTGGCTCtCACAGTGACACTCTGCGAGGGACCCAACAAG 
TTCAAGTGTCACAGCGGCGAATGCATCACCCTGGACAAAGTC 
TGCAACATGGCTAGAGACTGCCGGGACTGGTCAGATG 


3804 


CATCTGACCAGTCCCGGCAGTCTCTAGCCATGTTGCAGACTT 
TGTCCAGGGTGATGCATTCGCCGCTGTGACACTTGMCTTGT 
TGGGTCCCTCGCAGAGTGTCACTGTGAGAGCCAGAGA 


3805 


ACAGCGGCGAATGCATC 


3806 


GATGCATTCGCCGCTGT 


3807 


Hypercholesterolaemia 

Glu267Term 

cGAA-TAA 


TCTCTGGCTCTCACAGTGACACTCTGCGAGGGACCCAACAAG 
TTCAAGTGTCACAGCGGCGAATGCATCACCCTGGACAAAGTC 
TGCAACATGGCTAGAGACTGCCGGGACTGGTCAGATG 


3808 


CATCTGACCAGTCCCGGCAGTCTCTAGCCATGTTGCAGACTT 
TGTCCAGGGTGATGCATTCGCCGCTGTGACACTTGMCTTGT 
TGGGTCCCTCGCAGAGTGTCACTGTGAGAGCCAGAGA 


3809 


ACAGCGGCGAATGCATC 


3810 


GATGCATTCGCCGCTGT 


3811 


Hypercholesterolaemia 

Lys273Glu 

cAAA-GAA 


ACACTCTGCGAGGGACCCAACAAGTTCAAGTGTCACAGCGG 

CGAATGCATCACCCTGGACAAAGTCTGCAACATGGCTAGAGA 

CTGCCGGGACTGGTCAGATGAACCCATCAMGAGTGCG 


3812 


CGCACTCTTTGATGGGTTCATCTGACCAGTCCCGGCAGTCTC 
TAGCCATGTTGCAGACTTTGTCCAGGGTGATGCATTCGCCGC 
TGTGACACTTGAACTTGTTGGGTCCCTCGCAGAGTGT 


3813 


CCCTGGACAAAGTCTGC 


3814 


GCAGACTTTGTCCAGGG 


3815 


Hypercholesterolaemia 

Cys275Term 

TGCa-TGA 


CgagggaccCaacmgttcaagtgtcacagcggcgaatgca 
tcaccctggacaaagtctgcaacatggctagagactgccgg 
gactggtcagatgaacccatcaaagagtgcggtgagtct 


3816 



r 
\ 



WO 01/73002 

PCT/US01/09761 

-251- 



Mutation 



Hypercholesterolaemia 
Asp280Gly 

GAC-GGC 



Hypercholesterolaemia 
Cys281Tyr 

TGC-TAC 



lypercholesterolaemia 
Asp283Asn 

gGAC-MC 



AGACiUAUU^ACTCTTTGATGGGTTCATCTGACCAGTCCCG 

GCAGTCTCTAGCCATGTTGCAGACTTTGTCCAGGGTGATGCA 
TTCGCCGCTGTGACACTTGAACTTGTT flfifiTrrrTr^ 

AAAGTCTGCAACATGGC 

GCCATGTTGCAGACTTT 

AGTTCAAGTGTCACAGCGGCGAATGCATCACCCTGGACAAAG 

TCTGCAACATGGCTAGAGACTGCCGGGACTGGTCAGATGAA 
CCCATCAMGA GTGCGGTGAGTCTCGGTGCAGGCG GCT 

AGCCGCCTGCACCGAGACTCACCGCACTCTTTGATGGG7TCA 

TCTGACCAGTCCCGGCAGICTCTAGCCATGTTGCAGACTTTG 
TCCAGGGTGAT GCATTCGCCGCTGTGArAr TT^AAr-T 

GGCTAGAGACTGCCGGG 
CCCGGCAGTCTCTAGCC 



3817 



3818 
3819 
3820 



3821 



I UAAUTGTCACAGCGGCGAATGCA I OACCCTGGACAAAG 1 . « . 

GCAACATGGCTAGAGACTGCCGGGACTGGTCAGATGAACCC 
ATCAAAGAGTG CGGTGAGTCTCGGTGCAGGCGGC TTGC 

GCMbuuyucTGCACCGAGACTCACCGCACTCTTTGATGGG 

TTCATCTGACCAGTCCCGGCAGTCTCTAGCCATGTTGCAGAC 
TTTGTCCAGGGTGATGCATTCGCCGCTRT fiAnArTrr.A 

TAGAGACTGCCGGGACT 



AGTCCCGGCAGTCTCTA 



Hypercholesterolaemia 
Asp283Glu 

GACt-GAG 



Hypercholesterolaemia 
Asp283Tyr 

gGAC-TAC 



.^ UAC3CGGCGAA 1 ^ATCACCCTG GACAAAG I CTGCAAC 

ATGGCTAGAGACTGCCGGGACTGGTCAGATGAACCCATCAAA 
GAGTGCGGTGAGTCTCGGTGCAGGCGGCTTGCAGA GT 

ACTu i UUAACaCCGCCTGCACCGAGACTCACCGCACTCTTTGA" 

TGGGTTCATCTGACCAGTCCCGGCAGTCTCTAGCCATGTTGC 
AGACTTTGTCCAGGGTGATGCATTCGn nnnTCTriArA 

ACTGCCGGGACTGGTCA 



3822 
3823 
3824 



3825 



3826 
3827 
3828" 



3829 



TGACCAGTCCCGfiHAflT 



TCACAGCGGCGAATGCATCACCCTGGACAAAGTCTGCAACAT 

GGCTAGAGACTGCCGGGACTGGTCAGATGAACCCATCAAAG 
AGTGCGGTGAGTCTCGGTGCAGGCGGCTTGCAGAGTTT 

AAACTU I tJCAAGCCGCCTGCACCGAGACTCACCGCACTCTTT" 

GATGGGTTCATCTGACCAfiTCCCGGCAGTCTCTAGCCATGTT 
GCAGACTTTGTCCAGGGTGATGCATTCGn rfinT^TfiA 

TGCCGGGACTGGTCAGA 



3830 
3831 
3832 



3833 



TCTGACCAGTCCCGGCA 

i b I UAUAC3CGGCGAA I GCATCACCC I GGACAAAG rCTGCAAC 

ATGGCTAGAGACTGCCGGGACTGGTCAGATGAACCCATCAAA 
GAGTGCGGTGAGTCTCGGTGCAGGCGGCTTGCAGAGT 

ACTClliUAAGCCGCCTGCACCGAGACTCACCGCACTCTTTGA 

TGGGTTCATCTGACCAGTCCCGGCAGTCTCTAGCCATGTTGC 
AGACTTTGTCCAGGGTGATGCATTCGnnn nTrn-nArA 

ACTGCCGGGACTGGTCA 



3834 
3835 



38: 



3837 



3838 



t 

I 

1 

\ 
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iSHWlilliii 




ISEQID 


| TGACCAGTCCCGGCAGT 3839 


Hypercholesterolaemia 

Trp284Term 

TGGt-TGA 


V^Af^Pf^rfSAATf^rATrArrrTGGArAAAGTnTGnAACATGG 

CTAGAGACTGCCGGGACTG6TCAGATGMCCCATCAAAGAGT 
GCGGTGAGTCTCGGTGCAGGCGGCTTGCAGAGTTTGTG 


3840 

winy 


tap a a aptptcp a Aftpp^ppTCP appgah AnTCAnncnAnT 

PTTTfiAT^nfiTTPATrTGACCAfTTCCCGGCAGTCTCTAGCCA 

will wM 1 vJOO 1 1 w/> 1 w 1 VjnwvAU I wwwwwnv i w i w i nwwn 

TGTTGCAGACTTTGTCCAGGGTGATGCATTCGCCGCTG 


3841 


CGGGACTGGTCAGATGA 


3?42 


TCATCTGACCA 3TCCCG 




Hypercholesterolaemia 

Ser285Leu 

TCA-TTA 


PPPPPP A ATfir ATPAPPPTGGAP AAA "TrTGrAAC.ATGGr.TA 

GAGACTGCCGGGACTGGTCAGATGAACCCATCAAAGAGTGC 
GGTGAGTCTCGGTGCAGGCGGCTTGCAGAGT7TGTGGG 


3844 


PPP AP A A APTPTfV* A AftPPftPPTfiPAPPftAGAPTP APPR^A 
L/L/L/AL/AAAw 1 w 1 OvMnOvvOuU 1 OunwOnOnu 1 wnwwwn 

PTPTTT^AT^^TTPATPTGAPrAfiTnrr;Gr5CAGTCTCTAGC 

CATGTTGCAGACTTTGTCCAGGGTGATGCATTCGCCGC 


3845 


GGACTGGTCAGATGAAC 


3846 


GTTCATCTGACCAGTCC 


3847 


Hypercholesterolaemia 

Lys290Arg 

AAA-AGA 


nnrrmAnA a aptptcpa APAT<^PTAf2AQAPTf3PPftftftAP 
000 1 oViAOAAAo 1 O 1 VaOAAOA I ooU 1 n\jnonl» 1 OU woo w\U 

TGGTCAGATGAACCCATCAAAGAGTGCGGTGAGTCTCGGTG 
CAGGCGGCTTGCAGAG 1 1 1 GTGGGGAGCCAGGAAAGGGA 


OOHO 


ta/>a i i i /v^TPPPTPPPPAPA A APTPTY^P A AflPPftPPTY^P AP 

1 000 1 I 1 00 1 bbV/ 1 OOOOAOAAAO l O J oO/vvjuu oUU I uuau 

PP APA PTP APP^P APTPTTTft ATftftfTTTP ATPTQ APP AfiTPf! 
OoAoAO 1 OAOOwOAO 1 0 I J, 1 On 1 OOO 1 1 wn 1 w I VJrVO vr\w I 

Pf^PP A ^TPTPTACPP ATYSTTftP AO APTTTYTTPP Aftftfi 


^ft4Q 


ACCCATCAAAGAGTGCG 


2350 


CGCACTCTTTGATGGGT 


3851 


Hypercholesterolaemia 

Cys297Phe 

TGC-TTC 

■ * 


rii^T A /^rii^/^PP^ A^i A^Tri APP Af2TPT(^P ATP PPPTf^RPPP 
bob I AbbotoOOOvjAoAo 1 bnuLnO 1 \j 1 Ouft 1 OUww l OOuwu 

TGCGCAGGGACCAACGAATGCTTGGACAACAACGGCGGCTG 
7TCCCACGTCTGCAATGACCTTAAGATCGGCTACGAGTG 


JUJ& 


PAPTPrrTA^PP^ATPTTAAf^TPATT^PA^APRTGRGAAnAR 

PPriPPr^TT^TrCTPPAA^PATTPGTTGGTrCCTGCGCAGGG 
CCAGGGGATGCAGACTGGTCACTCTCGGGCCCCTACCC 


3853 

vUvv 


CAACGAATGCTTGGACA 


3854 


TGTCCAAGCATTCGTTG 


3855 


Mi/i^orr* Hn lactam 1 aomi a 

nypcrcnoicoKroiacinia 

Cys297Tyr 
TGC-TAC 


GGGTAGGGGrrPGAGAGTGACCAGTCTGCATCCCCTGGCCC 
TGCGCAGGGACCAACGAATGC7TGGACMCAACGGCGGCTG 
TTCCCACGTCTGCAATGACC7TAAGATCGGCTACGAGTG 


3856 


CACTCGTAGCCGATCTTAAGGTCATTGCAGACGTGGGAACAG 

CCGCCG7TGTTGTCCAAGCATTCGTTGGTCCCTGCGCAGGG 

CCAGGGGATGCAGACTGGTCACTCTCGGGCCCCTACCC 


3857 


CAACGAATGCTTGGACA 


3858 


TGTCCAAGCATTCGTTG 


3859 


Hypercholesterolaemia 

His306Tyr 

cCAC-TAC 


tGcaTcCcctggccCtgcgcagggaccaacgaatgcttgga 
caacaacggcggctgttcccacgtctgcaatgaccttaagat 
cggctacgagtgcctgtgccccgacggcttccagctgg 


3860 



r- 

\ 

\ 4 

WO 01/73002 
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■■'■'■'■■■■'•i. 



Mutation 



ID 



Hypercholesterolaemia 
Cys308Gly 
cTGC-GGC 



Hypercholesterolaemia 
Cys308Tyr 
T6C-TAC 



Hypercholesterolaemia 
Gly314Ser 

cGGC-AGC 



lypercholesterolaemia 
GIy314Val 

GGC-GTC 



Hypercholesterolaemia 
Tyr315Term 

TACg-TAA 



3862 
3863 
3864 



CCAGUTGGAAGCCGTCGGGGCACAGGCACTCGTAGCCGATC 1 386T 

TTAAGGTCATTGCAGACGTgGGAACAGCCGCCGTTGTTGTCC 
AAGCATTCGTTGGTCCCTGCGCAGGGmA^ ^ATCr^ 

GCTGTTCCCACGTCTGC 

GCAGACGTGGGAACAGC 

CCCTGGCCCTGCGCAGGGACCAACGAATGCTTGGACAACAA 

CGGCGGCTGTTCCCACGTCTGCAATGACCTTAAGATCGGCTA 
CGAGTGCCTGTGCCCCGACGGCTTCCAGCTGGTGGCC H 

GGGCCACCAGCTGGAAGCCGTCGGGGCACAGGCACTCGTA T3865 

GCCGATCTTAAGGTCATTGCAGACGTGGGAACAGCCGCCGT 
TGTTGTCCAAG CATTCGTTGGTCCCTGCfirA firirtrrA^ 

CCCACGTCTGCAATGAC 

GTCATTGCAGACGTfifift 

CCTGGCCCTGCGCAGGGACCAACGAATGCTTGGACAACAAC 

GGCGGCTGTTCCCACGTCTGCAATGACCTTAAGATCGGCTAC 
GAGTGCCTGTGCCCCGACGGCTTCCAGCTGGTGGCCCA 

TGGliUCACCAGCTGGAAGCCGTCGGGGCACAGGCACTCGTA I3869 

GCCGATCTTAAGGTCATTGCAGACGTGGGAACAGCCGCCGTT 
GTTGTCCAAGC ATTCGTTGGTCCCTGCGnA fi^rrAftQ 

CCACGTCTGCAATGACC ~~~ 



3866 
3867 
3868 



GGTCATTGCAGACGTGG 

AUUAACGAATGC 1 1 GGACAACAACGGCGGCTGTTCCCACGTC 

TGCAATGACCTTAAGATCGGCTACGAGTGCCTGTGCCCCGAC 
GGCTTCCAGCTGGTGGCCCAGCGAAGATGCGAAGG TG 

CACCTTCGCATCTTCGCTGGGCCACCAGCTGGAAGCCGTCG 

GGGCACAGGCACTCGTAGCgGATCTTAAGGTCATTGCAGAC 
GTGGGAACAGCCGCCGTTGTTGTCCAARn ATTnmTryrr 

TTAAGATCGGCTACGAG 



CTCGTAGCCGATCTTAA 

UUAACGAATGC 1 1 GGACAACAACGGCGGCTGTTCCCACGTC, 

GCAATGACCTTAAGATCGfiCTACGAGTGCCTGTGCCCCGAC 
GGCTTCCAGCTGGTGGCCCAGCGAAGATGCGAAGGTGA 

TCACCTTCGCATCTTCGCTGGGCCACCAGCTGGAAGCCGTC 

GGGGCACAGGCACTCGTAGCCGATCTTAAGGTCATTGCAGA 
CGTGGGAACAGCCGCCGTTGTTGTCCAAGCATT CGTTGQ 
TAAGATCGGCTACGAGT 

ACTCGTAGCCGATCTTA 

CGAATGCTTGGACAACAACGGCGGCTGTTCCCACGTCTGCAA 

TGACCTTAAGATCGGCTACGAGTGCCTGTGCCCCGACGGCTT 
CCAGCTGGTGGCCCAGCGAAGATGCGAAGGTGATTTC 

GAAATCACCTTCGCATCTTCGCTGGGCCACCAGCTGGAAGCC 

GTCGGGGCACAGGCACTCGTAGCCGATCTTAAGGTCATTGCA 
GACGTGGGAACAGCCGCCGTTGTrGTCCAA firATTrr: 

ATCGGCTACGAGTGCCT 



3870 
3871 
3872 



3873 



3874 
3875 



3876 



3877 



3878 
3879 
3880 



3881 



3882 
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Sill 


AGGCACTCGTAGCCGAT 3883 


Hypercholesterolaemia 

Cys317Gly 

gTGC-GGC 


TGCTTGGACAACAACGGCGGCTGTTCCCACGTCTGCAATGAC 

C7TAAGATCGGCTACGAGTGCCTGTGCCCCGACGGCTTCCA 

GCTGGTGGCCCAGCGAAGATGCGAAGGTGATTTCCGGG 


3884 


CCCGGAAATCACCTTCGCATCTTCGCTGGGCCACCAGCTGG 
AAGCCGTCGGGGCACAGGCACTCGTAGCCGATCTTAAGGTC 
ATTGCAGACGTGGGAACAGCCGCCGTTGTTGTCCAAGCA 


3885 


GCTACGAGTGCCTGTGC 


3886 


GCACAGGCACTCGTAGC 


3887 


Hypercholesterolaemia 

Cys317Ser 

gTGC-AGC 


TGCTTGGACAACAACGGCGGCTGTTCCCACGTCTGCAATGAC 

CTTAAGATCGGCTACGAGTGCCTGTGCCCCGACGGCTTCCA 

GCTGGTGGCCCAGCGAAGATGCGAAGGTGATTTCCGGG 


3888 


CCCGGAAATCACCTTCGCATCTTCGCTGGGCCACCAGCTGG 
AAGCCGTCGGGGCACAGGCACTCGTAGCCGATCTTAAGGTC 
ATTGCAGACGTGGGAACAGCCGCCGTTGTTGTCCAAGCA 


3889 


GCTACGAGTGCCTGTGC 


3890 


GCACAGGCACTCGTAGC 


3891 


Hypercholesterolaemia 

Pro320Arg 

CCC-CGC 


ACAACGGCGGCTGTTCCCACGTCTGCAATGACCTTAAGATCG 
GCTACGAGTGCCTGTGCCCCGACGGCTTCCAGCTGGTGGCC 
CAGCGAAGATGCGAAGGTGATTTCCGGGTGGGACTGAG 


3892 


CTCAGTCCCACCCGGAAATCACCTTCGCATCTTCGCTGGGCC 
ACCAGCTGGAAGCCGTCGGGGCACAGGCACTCGTAGCCGAT 
CTTAAGGTCATTGCAGACGTGGGAACAGCCGCCGTTGT 


3893 


CCTGTGCCCCGACGGCT 


3894 


AGCCGTCGGGGCACAGG 


3895 


Hypercholesterolaemia 

Asp321Asn 

cGAC-AAC 


AACGGCGGCTGTTCCCACGTCTGCAATGACCTTAAGATCGGC 
TACGAGTGCCTGTGCCCCGACGGCTTCCAGCTGGTGGCCCA 
GCGAAGATGCGAAGGTGATTTCCGGGTGGGACTGAGCC 


3896 


GGCTCAGTCCCACCCGGAAATCACCTTCGCATCTTCGCTGGG 
CCACCAGCTGGAAGCCGTCGGGGCACAGGCACTCGTAGCCG 
ATCTTAAGGTCATTGCAGACGTGGGAACAGCCGCCGTT 


3897 


TGTGCCCCGACGGCTTC 


3898 


GAAGCCGTCGGGGCACA 


3899 


Hypercholesterolaemia 

Asp321Glu 

GACg-GAG 


CGGCGGCTGTTCCCACGTCTGCAATGACCTTAAGATCGGCTA 
CGAGTGCCTGTGCCCCGACGGCTTCCAGCTGGTGGCCCAGC 
GAAGATGCGAAGGTGATTTCCGGGTGGGACTGAGCCCT 


3900 


AGGGCTCAGTCCCACCCGGAAATCACCTTCGCATCTTCGCTG 

GGCCACCAGCTGGAAGCCGTCGGGGCACAGGCACTCGTAG 

CCGATCTTAAGGTCATTGCAGACGTGGGAACAGCCGCCG 


3901 


TGCCCCGACGGCTTCCA 


3902 


TGGAAGCCGTCGGGGCA 


3903 


Hypercholesterolaemia 

Gly322Ser 

cGGC-AGC 


GGCGGCTGTTCCCACGTCTGCAATGACCTTAAGATCGGCTAC 
GAGTGCCTGTGCCCCGACGGCTTCCAGCTGGTGGCCCAGCG 
AAGATGCGAAGGTGATTTCCGGGTGGGACTGAGCCCTG 


3904 



WO 01/73002 PCT/US01/09761 

-255- 



Hypercnoiesterolaemia 
Gln324Term 
cCAG-TAG 



CAGGGCTCAGTCCCACCCGGAAA I CACCTTCGCATCTTCGCT 

GGGCCACCAGCTGGAAGCCGTCGGGGCACAGGCACTCGTA 
GCCGATCTTAAGGTCATTGCAGACGTGGGAA CAGCCGCC 
GCCCCGACGGCTTCCAG 

CTGGAAGCCGTCGGGGC 



3905 



Hypercholesterolaemia 
Arg329Pro 
CGA-CCA 



Hypercholesterolaemia 
Arg329Term 
gCGA-TGA 



Hypercholesterolaemia 
Glu336Lys 

tGAG-AAG 



nypercnolesterolaemia 
Gln338Tenn 

tCAG-TAG 



TG I ICCCACGlCfGCAATGACCI I AAGATCGGCTACGAGTGC 

CTGTGCCCCGACGGCTTCCAGCTGGTGGCCCAGCGAAGATG 
CGAAGGTGATTTCCGGGTGGGACTGAGCCCTGGGCCCC 

GGGGCCCAGGGCTCAGTCCCACCCGGAAATCACCTTCGCAT 

CTTCGCTGGGCCACCAGCTGGAAGCCGTCGGGGCACAGGCA 
CTCGTAGCCGATCTTAAGGTCATTGCAGA nRTnnriAAPA 

ACGGCTTCCAGCTGGTG 

CACCAGCTGGAAGCCGT 

ATGACCTTAAGA I UGGCTACGAGTGCCTGTGCCCCGACGGC 
TTCCAGCTGGTGGCCCAGCGAAGATGCGAAGGTGATTTCCG 
GGTGGGACTGAGCCCTGGGCCCCCTCTGCGCTTCCTGAC 

GTCAGGAAGCGCAGAGGGGGCCCAGGGCTCAGTCCCACCC 

GGAAATCACCTTCGCATCTT£GCTGGGCCACCAGCTGGAAG 
CCGTCGGGGCACAGGCACTCGTAGCCGATn TTAAnm-nAT 

GGCCCAGCGMGATGCG 

CGCATCTTCGCTGGQnr 

AATGACCTTAAGATCGGCTACGAGTGCCTGTGCCCCGACGG 
CTTCCAGCTGGTGGCCCAGCGAAGATGCGAAGGTGATTTCC 
GGGTGGGACTGAGCCCTGGGCCCCCTCTGCGCTTCCTGA 

TCAGGAAGCGCAGAGGGGGCCCAGGGCTCAGTCCCACCCG 

GAAATCACCTTCGCATCTTCGCTGGGCCACCAGCTGGAAGCC 
GTCGGGGCACAGGCACTCGTAGCCGATCTTA AfifyrPATT 

TGGCCCAGCGAAGATGC 



GCATCTTCGCTGGGCCA 

U I A(3CCATTGGGGAAGAGCCtCCCCACCAAGCCTCtTTCTl 

TCTCTTCCAGATATCGATGAGTGTCAGGATCCCGACACCTGC 
AGCCAGCTCTGCGTGAACCTGGAGGGTGGHTAnAAfiT 



ACTTGTAGCCACCCTCCAGGTTCACGCAGAGCTGGCTGCAG 

GTGTCGGGATCCTGACACTCATCGATATCTGGAAGAGAGAGA 
AAGAGGCTTGGTGGGGAGGCTCTTCCCC AATfifinTArsA 

ATATCGATGAGTGTCAG 

CTGACACTCATCGATAT 

CAITGGGGAAGAUUCTCCCCACCAAGCCTCTTTCTCTCTCTt 

CCAGATATCGATGAGTGTCAGGATCCCGACACCTGCAGCCAG 
CTCTGCGTGAACCTGGAGGGTGGCTACAAGTGCCAGT 

ACTGGCACTTGTAGCCACCCTCCAGGTTCACGCAGAGCTGG 

CTGCAGGTGTCGGGATCCTGACACTCATCGATATCTGGAAGA 
GAGAGAAAGAGGCTTGGTGGGGAGGCTnTT nnrrAATft 

ATGAGTGTCAGGATCCC 



3906 
3907 
108 



3909 



3910 
3911 
3912 



3913 



3914 
3915 
3916 



3917 



3918 
3919 
39: 



3921 



3922 
3923 



392 



3925 



3926 



c 
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GGGATCCTGACACTCAT 


3927 


Hypercholesterolaemia 

Cys343Arg 

cTGC-CGC 


TCCCCACCAAGCCTCTTTCTCTCTCTTCCAGATATCGATGAGT 

GTCAGGATCCCGACACCTGCAGCCAGCTCTGCGTGAACCTG 

GAGGGTGGCTACAAGTGCCAGTGTGAGGAAGGCTTCC 


3928 


GGAAGCCTTCCTCACACTGGCACTTGTAGCCACCCTCCAGGT 

TCACGCAGAGCTGGCTGCAGGTGTCGGGATCCTGACACTCA 

TCGATATCTGGAAGAGAGAGAAAGAGGCTTGGTGGGGA 


3929 


CCGACACCTGCAGCCAG 


3930 


CTGGCTGCAGGTGTCGG 


3931 


Hypercholesterolaemia 

Gln345Arg 
CAG-CG6 


CAAGCCTCTTTCTCTCTGTTCCAGAtATCGATGAGTGTCAGGA 
TCCCGACACCTGCAGCCAGCTCTGCGTGAACCTGGAGGGTG 
GCTACAAGTGCCAGTGTGAGGAAGGCTTCCAGCTGGA 


3932 

W W^#^» 


TCCAGCTGGAAGCCTTCCTCACACTGGCACTTGTAGCCACCC 
TCCAGGTTCACGCAGAGCTGGCTGCAGGTGTCGGGATCCTG 
ACACTCATCGATATCTGGAAGAGAGAGAAAGAGGCTTG 


3933 


CTGCAGCCAGCTCTGCG 


3934 


CGCAGAGCTGGCTGCAG 


3935 


Hypercholesterolaemia 

Cys347Tyr 

TGC-TAC 


1 C 1 1 1 C 1 C 1 CTCTTCCAGATATCGATGAGTGTCAGGATCCCGA 
CACCTGCAGCCAGCTCTGCGTGAACCTGGAGGGTGGCTACA 
AGTGCCAGTGTGAGGAAGGCTTCCAGCTGGACCCCCA 


3936 

WWW 


TGGGGGTCCAGCTGGAAGCCTTCCTCACACTGGCACTTGTA 

GCCACCCTCCAGG7TCACGCAGAGCTGGCTGCAGGTGTCGG 

GATCCTGACACTCATCGATATCTGGAAGAGAGAGAAAGA 


3937 


CCAGCTCTGCGTGAACC 


3938 


GGTTCACGCAGAGCTGG 


3939 

www 


Hypercholesterolaemia 

Cys347Arg 

cTGC-CGC 


CTCTTTCTCTCTCTTCCAGATATCGATGAGTGTCAGGATCCCG 
ACACCTGCAGCCAGCTCTGCGTGAACCTGGAGGGTGGCTAC 
AAGTGCCAGTGTGAGGAAGGCTTCCAGCTGGACCCCC 


3940 

WW IV 


GGGGGTCCAGCTGGAAGCCTTCCTCACACTGGCACTTGTAG 

CCACCCTCCAGGTTCACGCAGAGCTGGCTGCAGGTGTCGGG 

ATCCTGACACTCATCGATATCTGGAAGAGAGAGAAAGAG 


3941 


GCCAGCTCTGCGTGAAC 


3942 


GTTCACGCAGAGCTGGC 


3943 


Hypercholesterolaemia 

Gly352Asp 

GGT-GAT 

• 


CAGATATCGATGAGTGTCAGGATCCCGACACCTGCAGCCAGC 

TCTGCGTGAACCTGGAGGGTGGCTACAAGTGCCAGTGTGAG 

GAAGGCTTCCAGCTGGACCCCCACACGAAGGCCTGCAA 


3944 


TTGCAGGCCTTCGTGTGGGGGTCCAGCTGGAAGCCTTCCTC 

ACACTGGCACTTGTAGCCACCCTCCAGGTTCACGCAGAGCTG 

GCTGCAGGTGTCGGGATCCTGACACTCATCGATATCTG 


3945 


CCTGGAGGGTGGCTACA 


3946 


TGTAGCCACCCTCCAGG 


3947 


Hypercholesterolaemia 

Tyr354Cys 

TAC-TGC 


TCGATGAGTGTCAGGATCCCGACACCTGCAGCCAGCTCTGC 

GTGAACCTGGAGGGTGGCTACAAGTGCCAGTGTGAGGAAGG 

CTTCCAGCTGGACCCCCACACGAAGGCCTGCAAGGCTGT 


3948 
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Hypercholesterolaemia 
Cys358Arg 
gTGT-CGT 



Hypercholesterolaemia 

Gln363Term 

cCAG-TAG 



ACAGCCTTGCAGGCC1 1 CG TGTGGG GGTCCAGCTGGAAGCC 

TTCCTCACACTGGCACTTGTAGCCACCCTCCAGGTTCACGCA 
GAGCTGGCTGCAGGTGTCGGGATCCTGAC ACTOAT^A 

GGGTGGCTACAAGTGCC 
GGCACTTGTAGCCACCC 

CAGGATCCCGACACCTGCAGCCAGCTCTGCGTGAACCTGGA 

GGGTGGCTACAAGTGCCAGTGTGAGGAAGGCTTCCAGCTGG 
ACCCCCACACGAAGGCCTGCAAGGCTGTGGGTGAGCACG 

CGTGCTCACCCACAGCCTTGCAGGCCTTCGTGTGGGGGTCC 

AGCTGGAAGCCTTCCTCACACTGGCACTTGTAGCCACCCTCC 
AGGTTCACGCAGAGCTGGCTGCAGGTGTCG fifiATrrr^ 

AGTGCCAGTGTGAGGAA 
TTCCTCACACTGGCACT 



I UUAGCCAGCTC I GCGTGAACCTGGAGGG I GGCTACAAGTG' 

CCAGTGTGAGGAAGGCTTCCAGCTGGACCCCCACACGAAGG 
CCTGCAAGGCTGTGGGTGAGCACGGGMGGCGGCGGGTG 

CACCCGCCGCCTTCCCGTGCTCACCCACAGCCTTGCAGGCC 

TTCGTGTGGGGGTCCAGCTgGAAGCCTTCCTCACACTGGCA 
CTTGTAGCCACCCTCCAGGTTCACGCAGAGC TfififiTCrA 

AAGGCTTCCAGCTGGAC 
GTCCAGCTGGAAGCCTT 



3949 



3950 
3951 
3952 



3953 



3954 
3955 



395( 



3957 



3958 
3959 



EXAMPLE 22 
UDP-Qlucuronosyltr ansferase ■ UGT1 

Mutations in the human UGT1 gene result in a range of disease syndromes, ranging from 
relatively common diseases such as Gilbert's syndrome, which effects up to 7% of the population, to rare 
disorders such as Crigler-Najjar syndrome. Symptoms of these diseases are the result of diminished 
bilirubin conjugation and typically present with jaundice or, when mild, as an incidental finding during 
routing laboratory analysis. Severe cases of Crigler-Najjar syndrome are caused by an absence of UGT1 
activity and the majority of these patients die in the neonatal period. The only known treatment is fiver 
transplant The attached table discloses the correcting oligonucleotide base sequences for the UGT1 
oligonucleotides of the invention. 
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Table 29 

UGT1 Mutations and Genome-Conrecting Oliaos 







;v.vk> .-: 
:&Qttotili<fJ^¥ 


Crigler-Najjar syndrome 
2 

Leu15Arg 
CTG-CGG 


GCAGGAGCAAAGGCGCCATGGCTGTGGAGTCCCAGGGCGG 
ACGCCCACTTGTCCTGGGCCTGCTGCTGTGTGTGCTGGGCC 
CAGTGGTGTCCCATGCTGGGAAGATACTGTTGATCCCAGT 


3960 


ACTGGGATCAACAGTATCTTCCCAGCATGGGACACCACTGGG 
CCCAGCACACACAGCAGCAGGCCCAGGACAAGTGGGCGTCC 
GCCCTGGGACTCCACAGCCATGGCGCCTTTGCTCCTGC 


3961 


CCTGGGCCTGCTGCTGT 


3962 


ACAGCAGCAGGCCCAGG 


3963 


Crigler-Najjar syndrome 
1 

Gln49Term 
CAG-TAG 


GGGAAGATACTGTTGATCCCAGTGGATGGCAGCCACTGGCT 

GAGCATGCTTGGGGCCATCCAGCAGCTGCAGCAGAGGGGAC 

ATGAAATAGTTGTCCTAGCACCTGACGCCTCGTTGTACA 


3964 


TGTACAACGAGGCGTCAGGTGCTAGGACAACTATTTCATGTC 
CCCTCTGCTGCAGCTGCTGGATGGCCCCAAGCATGCTCAGC 
CAGTGGCTGCCATCCACTGGGATCAACAGTATCTTCCC 


3965 


GGGCCATCCAGCAGCTG 


3966 


CAGCTGCTGGATGGCCC 


3967 


Crigler-Najjar syndrome 
1 

Gly71Arg 
GGA-AGA 


CAGCAGAGGGGACATGAAATAGTrGtCCtAGCACCTGACGCC 
TCGTTGTAC ATCAGAGACGGAGCA 1 1 1 1 ACACCTTGAAGACGT 
ACCCTGTGCCATTCCAAAGGGAGGATGTGAAAGAGT 


3968 


ACTCTTTCACATCCTCCCTTTGGAATGGCACAGGGTACGTCTT 

CAAGGTGTAAAATGCTCCGTCTCTGATGTACAACGAGGCGTC 

AGGTGCTAGGACAACTATTTCATGTCCCCTCTGCTG 


3969 


TCAGAGACGGAGCATTT 


3970 


AAATGCTCCGTCTCTGA 


o971 


Gilbert syndrome 

Pro229Gln 

CCG-CAG 


GGGTGAAGAACATGCTCATTGCC 1 1 1 TCACAGMCTTTCTGTG 

CGACGTGGTTTATTCCCCGTATGCAACCCTTGCCTCAGAATT 

CCTTCAGAGAGAGGTGACTGTCCAGGACCTATTGAG 


3972 


CTCAATAGGTCCTGGACAGTCACCTCTCTCTGAAGGAATTCT 
GAGGCAAGGGTTGCATACGGGGAATAAACCACGTCGCACAG 
AAAGTTCTGTGAAAAGGCAATGAGCATGTTCTTCACCC 


3973 


TTATTCCCCGTATGCAA 


3974 


TTGCATACGGGGAATAA 


3975 


Crigler-Najjar syndrome 
1 

Cys280Term 
TGC-TGA 


TGTGAAGGATTACCCTAGGCCCATCATGCCCAATATGGTmT 
GTTGGTGGAATCAACTGCCTTCACCAAAATCCACTATCCCAG 
GTGTGTATTGGAGTGGGAC.1 1 1 1 ACATGCGTATATT 


3976 


AATATACGCATGTAAAAG . uCCACTCCAATACACACCTGGGAT 

AGTGGATTTTGGTGAAGGCAGTTGATTCCACCAACAAAAACC 

ATATTGGGCATGATGGGCCTAGGGTAATCCTTCACA 


3977 
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figler-Najjar syndrome 
1 

Ala292Val 
GCC-GTC 



frigter-Najiar syndrome 
1 

GJy308Glu 
GGA-GAA 



"3910 



CTCTTTGGGATCAATGGTCTCAGAAATTCCAGAG 

AAGAAAGCTATGGCAATTGCTGATGCTTTGGGCAA 

nGCCCAMGCATCAGCAATTGCCATAGCTTTCTTCTCTGGAA 

TTTCTGAGACCATTGATCCCAAAGAGAAAACCACAATTCCATG 
TTCTCCAGAAGCATTAATGTAGGCTTCAAATT CCT 
CTCTTTGGGATCAATGG 

CCATTGATCCCAAAGAG 



1S8T 



3985 



1 

Gln331Term 
CAG-TAG 



1 

Trp335Term 
TGG-TGA 



tilCTCAGAAAl I CCAGAGAAGAAAGC fATGGCAATTGCTGAT 
GCTTTGGGCAAAATCCCTCAGACAGTAAGAAGATTCTATACCA 
TGGCCTCATATCTATTTTCACAGGAGCGCTAATCCC 

GGGATTAGCGCTCCTGTGAAAATAGATATGAGGCCATGGTAT 
AGAATCTTCTTACTGTCTGAGGGATTTTGCCCAAAGCATCAGC 
AATTGCCATAGCTTTCTTCTCTGGAATTTCTGAG AC 
AAATCCCTCAGACAGTA " 

TACTGTCTGAGGGATTT 

I (JTAATCATAT I A I (j I TCTTTC 1 1 l'ACGTTCTG(J I (J 1 1 1 1 1 GCC 

CCTCCCAGGTCCTGTGGCGGTACACTGGAACCCGACCATCG 
AATCTTGCGAACAACACGATACTTGTTAAGTGGCTA 

TAGCCACTTAACAAGTATCGTGTTGTTCGCAAGATTCGATGGT 
CGGGTTCCAGTGTACCGCCACAGGACCTGGGAGGGGCAAAA 
AGAGCAGAACGTAAAGAAAGAACATAATATGATTAG A 
GTCCTGTGGCGGTACAC ~~ 



3986 
3987 
3988 



3989 



3990 
3991 
3W 



3993 



1 

Gln357Arg 
CAA-CGA 



1M 
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GCTACCCCAAAACGATC 


3998 


GATCGTTTTGGGGTAGC 


3999 


Crigler-Najjar syndrome 
1 

binoo7Term 
CAA-TAA 


TACACTGGAACCCGACCATCGAATCTTGCGAACAACACGATA 
CTTGTTAAGTGGCTACCCCAAAACGATCTGCTTGGTATG'TTG 

PPPPP ATT/^P AT/TT AT A flflTf* A A APP AftftfTTP A A ATT 
boLobA 1 l vaoA 1 \J i A 1 AVjo 1 UAAAUUAooo 1 L»AAM 1 1 


4000 

• 


AATTTGACCCTGGTTTGACCTATACATCCAATCCGCCCAACAT 
ACCAAGCAGATCGTTTTGGGGTAGCCACTTAACAAGTATCGT 
GTTGTTCGCMGATTCGATGGTCGGb 1 1 LbAb IbIA 


4001 


GGCTACCCCAAAACGAT 


4002 


ATCGTTTTGGGGTAGCC 


4003 


Gilbert syndrome 
Arg367Gly 

CGT-GGT 


aacTcaga6atgtaactgctgacatcctcccta 1 1 1 IGCAICI 

CAGGTCACCCGATGACCCGTGCCTTTATCACCCATGCTGGTT 

bUbAlbblbl 1 lAlbAAAbbAI AlbUAAIbbubl 1^ 


4004 


GAACGCCATTGCATATGCTTTCATAAACACCATGGGAACCAG 
CATGGGTGATAAAGGCACGGGTCATCGGGTGACCTGAGATG 
CAAAATAGGGAGGATGTCAGCAGTTACATCTCTGAGTT 


4005 


CGATGACCCGTGCCTTT 


4006 


AAAGGCACGGGTCATCG 


4007 


Crigler-Najjar syndrome 
1 

Ala368Thr 
GCC-ACC 


TCAGAGATGTAACTGCTGACA! CC 1 CCCrAll 1 tGCAlGI CA' ' 
GTCACCCGATGACCCGTGCCTTTATCACCCATGCTGGTTCCC 

a Tf> ATATTT A Ty - * A A A^ATATP/^A ATP'^OTTOPPA 

ATGGTGl 1 lATbAAAbOATA 1 bbAA 1 b j-b 1 1 bbuA 


4008 


TGGGAACGCCATTGCATATGCTTTCAlr -ACACCATGGGAAC 
CAGCATGGGTGATAAAGGCACGGGTCATCGGGTGACCTGAG 
ATGCAAMTAGGGAGGATGTCAGCAGTTACATCTCTGA 


4009 


TGACCCGTGCCTTTATC 


4010 


GATAAAGGCACGGGTCA 


4011 


Crigler-Najjar syndrome 
1 

oere/orne 
TCC-TTC 


CCTCCCTATTTTGCATCTCAGGTCACCCGATGACCCGTGCCT 
TTATCACCCATGCTGGTTCCCATGGTGTTTATGAAAGCATATG 

oAAlbbbbl ILObAlbblbAlbAlbOOOl Ibl 1 Ibb 


4012 


CCAAACAAGGGCATCATCACCATGGGAACGCCATTGCATATG 
CTTTCATAAACACCATGGGAACCAGCATGGGTGATAAAGGCA 
CGGGTCATCGGGTGACCTGAGATGCAAAATAGGGAGG 


4013 


TGCTGGTTCCCATGGTG 


4014 


CACCATGGGAACCAGCA 


4015 


Crigler-Najjar syndrome 
1 

Ser381Arg 
AGC-AGG 


AGGTCACCCGATGACCCGTGCC 1 1 1 A 1 CACCCATGCTGGTTC 

CCATGGTGTTTATGAAAGCATATGCAATGGCGTTCCCATGGT 

GATGATGCCCTTGTTTGGTGATCAGATGGACAATGCA 


4016 


TGCATTGTCCATCTGATCACCAAACAAGGGCATCATCACCAT 
GGGAACGCCATTGCATATGCTTTCATAAACACCATGGGAACC 
AGCATGGGTGATAAAGGCACGGGTCATCGGGTGACCT 


4017 



r 



f 
i 
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Miit 



Crigler-Najjar syndrome 
1 

Ala401Pro 
GCA-CCA 



figler-Najjar syndrome 
1 . 

Lys428G!u 
AAA-GAA 




Crigler-Najjar syndrome 
1 

Tyr486Asp 
TAC-GAC 



TATGAAAGCATATGCAA 
TTGCATATGCTTTCATA 

AGCATATGCAATGGCGTTCCCATGGTGATGATGCCCTTGTTT 

GGTGATCAGATGGACAATGCAAAGCGCATGGAGACTAAGGG 
AGCTGGAGTG ACCCTGAATGTTCTGGAAATGACTTCTG 

GAG/Wi l CATTTCCAGAACATTCAGGGTCACTCCAGCTCCCf 

TAGTCTCCATGCGCTTTGCATTGTCCATCTGATCACCAAACAA 
GGGCATCATCACCATGGGAACGCnATT fiHATATCrT 

TGGACAATGCAAAGCGC 
GCGCTTTGCATTGTCCA 

liU I WiAGTGACCC I GAATGTTCTGi 

GATTTAGAAMTGCTCTAAAAGCAGTCATCMTGACAAAAGGT 
AAGAAAGAAGATACAGAAGAATACTTTGGTCATGGC 

GCCATGACCAMGTATTCTTCTGTATCTTCTTTCTTACCTTTTG 

TCATTGATGACTGCTTTTAGAGCATTTTCTAAATCTTCAGAAGT 
CATTTCCAGAACATTCAGGGTCACTn CAfirTrp 

ATGCTCTAAAAGCAGTC 
GACTGCTTTTAGAGCAT 



GACTTCTI 



Crigler-Najjar syndrome 
1 

Ser488Phe 

Tcc-nc 



A I UAUGCACAAGGGCGCGCCACACC I GCGOCCCGCAGCCC" 

ACGACCTCACCTGGTACCAGTACCATTCCTTGGACGTGATTG 
GTTTCCTCTTGGCCGTCGTGCTGACAGTGGCCTTCAT CA 

TGATGAAGGCCACTGTCAGCACGACGGCCAAGAGGAAACCA 

ATCACGTCCAAGGAATGGTACTGGTACCAGGTGAGGTCGTG 
GGCTGCGGGGCGCAGGTGTGGCGCGnO frrTCT^rTrA T 

GGTACCAGTACCAT TCC 
GGAATGGTACTGGT ACC 



4018 
4019 
4020 



4021 



4022 
4023 



4025 



4026 
4027 



4029 



4030 
403? 



ACAAOGGCGCGUCACACCTGCGCCCCGCAGCCCACGACCT" 

CACCTGGTACCAGTACCATTCCTTGGACGTGATTGGTTTCCT 
CTTGGCCGTCGTGCTGACAGTGGCCTTCATnAnnTTTAA 



TTAAAGGTGATGAAGGCCACTGTCAGCACGACGGCCAAGAG 

GAAACCAATCACGTCCAAGGAATGGTACTGGTACCAGGTGAG 
GTCGTGGGCTGCGGGGCGCAGGTGTGGC RnfiOTTTCT 

GTACCATTCCTTGGACG 



4037 



4033 



4034 
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EXAMPLE 23 

Alzheimer's Disease • Amyloid precursor protein (APP) 

* 

Over the past few decades Alzheimer's disease (AD), once considered a rare disorder, 
has become recognized as a mayor public health problem. Although there is no agreement on the exact 
prevalence of Alzheimer's disease, in part due to difficulties of diagnosis, studies consistently point to an 
exponential rise in prevalence of this disease with age. After age 65, the percentage of affected people 
approximately doubles with every decade of life, regardless of definition. Among people age 85 or older, 
studies suggest that 25 to 35 percent have dementia, including Alzheimer's disease; one study reports 
that 47.2 percent of people over age 85 have Alzheimer's disease, exclusive of other dementias. 

Alzheimer's disease progressively destroys memory, reason, judgment language, and, 
eventually, the ability to carry out even the simplest tasks. Anatomic changes associated with Alzheimer's 
disease begin in the entorhinal cortex, proceed to the hippocampus, and then gradually spread to other 
regions, particularly the cerebral cortex. Chief among such anatomic changes are the presence of 
characteristic extracellular plaques and internal neurofibrillary tangles. 

At least four genes have been identified to date that contribute to development of 
Alzheimer's disease: AD1 is caused by mutations in the amyloid precursor gene (APP); AD2 is associated 
with a particular allele of APOE (see Example 20); AD3 is caused by mutation in a gene encoding a 
7-transmembrane domain protein, presenilin-1 (PSEN1), and AD4 is caused by mutation in a gene that - 
encodes a similar 7-transmembrane domain protein, presenilin-2 (PSEN2). The attached table discloses 
the correcting oligonucleotide base sequences for the APP oligonucleotides of the invention. 

Table 30 

APP Mutations and Genome-Correcting Ofiq os 







Si* 


MM 


Alzheimer disease 

Glu665Asp 

GAG-GAC 


CTGCATACTTTAATTATGATGTAATACAGGTTCTGGGTTGACA 
AATATCAAGACGGAGGAGATCTCTGAAGTGAAGATGGATGCA 
GAATTCCGACATGACTCAGGATATGAAGTTCATCAT 


4036 


ATGATGAACTTCATATCCTGAGTCATGTCGGAATTCTGCATCC 
ATCnCACTTCAGAGATCTCCTCCGTCTTGATATTTGTCAACC 
CAGAACCTGTATTACATCATAATTAAAGTATGCAG 


4037 


ACGGAGGAGATCTCTGA 


4038 


TCAGAGATfiTCCTCCGT 


4039 


Alzheimer disease 
Ala6926ly 


att^tattgcatttagamttaaaaitC i n nci rMi riGi 1 1 1 
caaggtgttctttgcagaagatgtgggttcaaacaaaggtgc 
aatcattggactcatggtgggcggtgttgtcat 


4040 
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Aizneimer disease 
Glu693Gln 
GAA-CAA 



Alzheimer disease 
Glu693Gly 
GM-GGA 



Alzheimer disease 

Ala713Thr 

GCG-ACG 



Schizophrenia 

AJa713Val 

GCG-GTG 



Alzheimer disease 

Val715Met 

GTG-ATG 



ATGACMCACCGCCCACCATGAGTCCMTGAnGCACCTTTG 

TTTGMCCCACATCnCTGCAAAGAACACCTTGAAAACAAATT 
AAGAAAAAGAATTTTAATTTCTAAATnnA ATATA lt 

GTTCTTTGCAGAAGATG ' 

CATCTTCTGCAAAGAAC 

I A I A r TGCATTI AGAMTTAAAAl I L 1 1 1 1 Id IAAI I IGI 1 1 IC 

AAGGTGTTCTTTGCAGAAGATGTGGGTTCAAACAAAGGTGCA 
ATCATTGGACTCATGGTGGGCGGTGTTGTCATAG 

CTATGACMCACCGCCCACCATGAGTCCAATGATTGCACCTT 

TGTTTGAACCCACATCTTCTGCAAAGAACACCTTGAAAACAM 
TTMGAAAMGMTTTTAATTTCTAAATfinAA TATA 

TCTTTGCAGAAGATGTG 
CACATCTTCTGCAAAGA 

ATATTGCATTTAGAAATTAAAATTC1 1 1 1 ICI IAAI I IGI 1 1 ICA 

AGGTGTTCTTTGCAGAAGATGTGGGTTCAAACAAAGGTGCAA 
TCATTGGACTCATGGTGGGCGGTGTTGTCATAGC 

GCTATGACAAC.Ar.r.GC.r.r Am &m /\ ryrr^ry * it/s A-r-r*~ : 



KSSi 



4041 



4042 
4043 



4045 



4046 
4047 
4048 




4049 



4050 
4051 



AAGA I GTGGGTI CAMCAAAGGTGUAA ICAI I GGACTCATgG " 

TGGGCGGTGTTGTCATAGCGACAGTGATCGTCATCACCTTGG 
TGATGCTGAAGAAGAAACAGT ACACATCCATTCATCA 

^I^I^ ATGTGTACTGTnCTrCTTCA GCATCACCAAGG 

TGATGACGATCACTGTCGCTATGACAACACCGCCCACCATGA 
GTCCAATGATTGCACCTTTGTTTGAACCnAr ATrrT 

TGTCATAGCGACAGTGA " ~ 

TCACTGTCGCTATfiArA 



"4TJ57 



4053 



4054 
4055 
405I 



4057 




4058 
4059 
4060 



4061 



4062 
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■ 






■ "'fm+* 

V .V.'*' %••*•.*.*- 

I5EQIDI 




GACGATCACTGTCGCTA 1 


4UD0 


Alzheimer disease 

He716Val 

ATC-GTC 


GGTTCAAACAAAGGTGCAA1 CATTGGACTCATGGTGGGCGGT 

attata a x a a a A PTA ATAAta ATT* A PPTTY^TTft ATftPTft 

AAGMGAAACAGTACACATCCATTCATCATGGTGTGG 


it AC A 

4064 


CCACACCATGATGAATGGATGTGTACTGTTTCTTCTTCAGCAT 

a AM A A A AflP A A T A A A A A *VA A ^TOT A A AT AT/> AAA A A A AAAAA 

CACCMGGTGATGACGATCACTGTCGCTATGACMUAOueLu 
CACCATGAGTCCAATGATTGCACCTTTGTTTGAACC 


4065 


CGACAGTGATCGTCATC 


4066 


GATGACGATCACTGTCG 


4057 


Alzheimer disease 

VaJ717Gly 

GTC-GGC 


CAAACAAAGGTGCAATCATTGGACTCATGGTGGGCG151 G II G 
TCATAGCGACAGTGATCGTCATCACCTTGGTGATGCTGAAGA 
AGAAACAGTACACATCCATTCATCATGGTGTGGTGGA 


4000 


TCCACCACACCATGATGAATGGATGTGTACTGTTTUl fCTTCA 

— », _ » —.a m ^^S>V A m ■ ^ a T*/> A «AiTAA ATrtT A A AT A TA AAA A AAA 

GCATCACCMGGTGATGACGATCACTGTCGCTATGACAACAC 
CGCCCACCATGAGTCCAATGATTGCACCTTTGTTTG 


4069 


AGTGATCGTCATCACCT 


4070 


AGGTGATGACGATCACT 


4071 


Alzheimer disease 

Val717lle 

GTC-ATC 

• 


TCAAACAAAGGTGCAATCATTGGACTCATGGTGGGCGGTGTT 
GTCATAGCGACAGTGATCGTCATCALu II w 1 bA 1 bl> 1 bAAo 
AAGAAACAGTACACATCCATTCATCATGGTGTGGTGG 


4072 


CCACCACACCATGATGAATGGATGTGTACTGTTTCTTCTTCAG 

. — . am a & a/nt a at/"\ A /*/"\ ata A ATATA A AT ATA AAA A A AAA 

CATCACCMGGTGATGACGATCACTGTCGCTATGACAACACC 
GCCCACCATGAGTCCAATGATTGCACCTTTGTTTGA 


4073 


CAGTGATCGTCATCACC 


4074 


GGTGATGACGATCACTG 


jA>«r 

4075 


Alzheimer disease 

Val717Phe 

GTC-TTC 


TCAAACAAAGGTGCAATCATTGGACTCATGGTGGGCGGTGTT 

/m^a ata aaa aaa ATA A T A ATA A TA A A A f 1 'A ATA A TA AT A A A Aj 

GTCATAGCGACAGTGATCGTCATCACCTTeGTbA 1 bu 1 bAAb 
AAGAAACAGTACACATCCATTCATCATGGTGTGGTGG 


4076 


CCACCACACCATGATGAATGGATGTGTACTGTTTCTTCTTCAG 
CATCACCAAGGTGATGACGATCACTGTCGCTATGACAACACC 
GCCCACCATGAGTCCAATGATTGCACCTTTGTTTGA 


4077 


CAGTGATCGTCATCACC 


4078 


GGTGATGACGATCACTG 


i AIY7Q 

40/y 


Alzheimer disease 

Leu723Pro 

CTG-CCG 


TTGGACTCATGGTGGGCGGTGTTGTCATAGCGAUAU 1 bA 1 Ub 
TCATCACCTTGGTGATGCTGAAGAAGAAACAGTACACATCCAT 
TCATCATGGTGTGGTGGAGGTAGGT AAACTTGACTG 


4U80 


CAGTCAAGTTTACCTACCTCCACCACACCATGATGAATGGAT 

GTGTACTGTTTCTTCTTCAGCATCACCAAGGTGATGACGATCA 

CTGTCGCTATGACAACACCGCCCACCATGAGTCCAA 


4081 


GGTGATGCTGAAGAAGA 


4082 


TCTTCTTCAGCATCACC 


4083 



r 
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EXAMPLE 24 
Alzheimer's Disease . pre senifin.1 (PSEN1) 

The attached table discloses the correcting oligonucleotide base sequences for the 
PSEN1 oligonucleotides of the invention. 




Alzheimer disease 
Ala79Val 
GCC-GTC 



/uzneimer disease 
Val82Leu 
tGTG-CTG 



Alzheimer disease 
Val96Phe 
gGTC-TTC 



AJzne/mer disease 
Phe105Leu 
TTTt-TTG 



CCCGGCAGGTGGTGGAGCAAGATGAGGAAGAAGATGAGGAG 

CTGACATTGAAATATGGCGCCAAGCATGTGATCATGCTCTTTG 
TCCCTGTGACTCTCTGCATGGTGGTGGTCGTGGCTAC 

GTAUUUACGACCACCACCATGCAGAGAGTCACAGGGACAAA 

GAGCATGATCACATGCTTGGCGCCATATTTCAATGTCAGCTC 
CTCATCTTCnCCTCATCTTGCTCnAnnAnr TCrr^^ 

ATATGGCGCCAAGCATfi 
CATGCTTGGCGCCATAT 

G I CjGTGGAGCAAGATGAUGAAGAAGATGAGGAGCTGACATT 
GAAATATGGCGCCAAGCATGTGATCATGCTCTTTGTCCCTGT 
GACTCTCTGCATGGTGGTGGTCGTGGCTACCATTAAGT 

ACTTaa l GGTAGCCACGACCACCACCATGCAGAGAGTCACAG 

ggacamgagcatgatcacatgcttggcgccatatttcaatg 

TCAGCTCCTCATCnCTTCCTCATCTTGCT nnAnrAP 
CCAAGCATGTGATCATG 

CATGATCACATGCTTGG ^ 

AAATATGGCGCCAAGCATGTGATCATGCTCTTTGTCCCTGTG 

ACTCTCTGCATGGTGGTGfiTCGTGGCTACCATTAAGTCAGTC 
AGCTTTTATACCCGGAAGGATGGGCAGCTGTACGTAT 

ATACb l AUAGCTGCCCATCCTTCCGGGTATAAAAGCTGACTG 

ACTTAATGGTAGCCACGAfiCACCACCATGCAGAGAGTCACAG 
GGACAAAGAGCATGATCACATGCTTfiR nflCirATATTT 

TGGTGGTGGTCGTGGCT 

AGCCACGACCACCACCA 

ui 1 I U J UCCTGTGAC I CTCTGCATGG I GG I GGTCGTGGCTA^ 

CATrMGTCAGTCAGCTTTTATACCCGGAAGGATGGGCAGCT 
GTACGTATGAGTTTTGTTTTATTATTCTCAAAGCCAG 

CTGGCTTTGAGAATAATAAAACAAAACTCATACGTACAGCTGC 

CCATCCTTCCGGGTATAAAAGCTGACTGACTTAATGGTAGCC 
ACGACCACCAC CATGCAGAGAGTCACAGGGA rAAAfi 

GTCAGCTTTTATACCCG 



4084 



4085 



4086 
4087 



I88 



4089 



4093 



4097 



4098 



^ - t 

( 

WO 01/73002 PCT/US01/09761 
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mom 

IfiiB 


Alzheimer disease 

Thr116Asn 

ACC-AAC 


TGGTGATCTCCATTAACACTGACCTAGGGC 1 1 1 1 GTGTTTGTT 
TTATTGTAGAATCTATACCCCATTCACAGAAGATACCGAGACT 
GTGGGCCAGAGAGCCCTGCACTCAATTCTGAATGC 


4100 


GCATTCAGAATTGAGTGCAGGGGTCTCTGGCCCACAGTCTCG 

GTATCTTCTGTGAATGGG6TATAGATTCTACAATAAAACAAAC 

ACAAAAGCCCTAGGTCAGTGTTMTGGAGATCACCA 


4101 


AATCTATACCCCATTCA 


4102 


TGAATGGGGTATAGATT 


4103 


Alzheimer disease 

Pro117Leu 

CCA-CTA 


TGATCTCCAnMCACTGACCTAGGGCTTTTGTGTTTGTTTTAT 

TGTAGMTCTATACCCCATTCACAGAAGATACCGAGACTGTG 

GGCCAGAGAGCCCTGCACTCAATTCTGAATGCTGC 


4104 


GCAGCATTCAGAATTGAGTGCAGGGCTCTCTGGCCCACAGTC 
TCGGTATCTTCTGTGAATGGGGTATAGATTCTACAATAAAACA 
AACACAAAAGCCCTAGGTCAGTGTTAATGGAGATCA 


4105 


CTATACCCCATTCACAG 


4106 


CTGTGAATGGGGTATAG 


L4107 


Alzheimer disease 

Glu120Asp 

GAAg-GAT 


t AACACTGACC I AGGGC 1 1 1 IGIGI I IGI 1 1 IAI FGTAGAATC1 
ATACCCCATTCACAGAAGATACCGAGACTGTGGGCCAGAGAG 
CCCTGCACTCAATTCTGAATGCTGCCATCATGATC 


4106 


GATCATGATGGCAGCATTCAGAATTGAGTGCAGGGCTCTCTG 
GCCCACAGTCTCGGTATCTTCTGTGAATGGGGTATAGATTCT 
ACAATAAAACAAACACAAAAGCCCTAGGTCAGTGTTA 


4109 


TTCACAGAAGATACCGA 


4110 


TCGGTATCTTCTGTGAA 


4111 


Alzheimer disease 

GIu120Asd 

GAAg-GAC 


TAACACTGACC I AGGGC 1 1 1 IGIGI I IGI 1 1 IAI IGIAGAAICI 
ATACCCCATTCACAGAAGATACCGAGACTGTGGGCCAGAGAG 
CCCTGCACTCAATTCTGAATGCTGCCATCATGATC 


4112 


GATCATGATGGCAGCATTCAGAATTGAGTGCAGGGCTCTCTG 
GCCCACAGTCTCGGTATCTTCTGTGAATGGGGTATAGATTCT 
ACAATAAAACAAACACAAAAGCCCTAGGTCAGTGTTA 


4113 


TTCACAGAAGATACCGA 


4114 


TCGGTATCTTCTGTGAA 


4115 


Alzheimer disease 

Glu120Lys 

aGAA-AAA 


ATTMCACTGACCTAGGGCTmGTGTTTGTTTTATTGTAGAAT 
CTATACCCCATTCACAGAAGATACCGAGACTGTGGGCCAGAG 
AGCCCTGCACTCAATTCTGAATGCTGCCATCATGA 


4116 

• 


TCATGATGGCAGCATTCAGAATTGAGTGCAGGGCTCTCTGGC 
CCACAGTCTCGGTATCTTCTGTGAATGGGGTATAGATTCTACA 
ATAAAACAAACACAAAAGCCCTAGGTCAGTGTTAAT 


4117 


CATTCACAGAAGATACC 


4118 


GGTATCTTCTGTGAATG 


4119 


Alzheimer disease 
Qu123Lys 

rftAfi-AAtt 


GACCTAGGGCm I G I G11TG1 Tl TAI I G I AGAATCTATACCC 
CATTCACAGAAGATACCGAGACTGTGGGCCAGAGAGCCCTG 
CACTCAATTCTGAATGCTGCCATCATGATCAGTGTCA 


4120 



267- 
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Alzheimer disease 
Asn135Asp 
gAAT-GAT 



Alzheimer disease 
Met139He 
ATGa-ATA 



■zheimer disease 
Met139Lys 
ATG-AAG 



Aizneimer disease 

Met139Thr 

ATG-ACG 



Alzheimer disease 
Met139Val 
cATG-GTG 



?I?IJIJ GCCCACAGTCT CGGTATCTTCTGTGAATGGGGTAT 
AGATTCTACAATA AAACAAACACAAAAfi nrnTAftrrrr 

AAGATACCGAGACTGTG ~ 

CACAGTCTCGGTATCTT 

imi AUUUUATTCACAGAAGArAttbAGAt; I G I GGGfcfiAfi'Al . 

AnS^ TQCT6CCA ^Sc 
ATTGTTGTCATGACTATCCTCCTGflTfi^TTrT^ T ^ 

TATACAGAACCACCAGGAGGA I AG I CATGACMCAATGACAT 

CAATTCTGAATGCTGnq 

GGCAGCATTCAfiAATTC 

AGAAGA I ACCGAGACTGTGGGCCAGAGAGCCCTGCACTCAA 
GCAGGGCTCTCTGGCCCACAGTCTCfiCTA Trrn^r 

gccatcatgatcagtgt" " — 

acactgatcatgatggc 

A^^' AUCGA ^ L ' GIGG ^ CA GAGAGCCCTGWim 

GCAGGGCTCTCTGGCCCACAGTCTnfif^^TrT^^^^ 

HiCCATCATGATCAGTG " 

CACTGATCATGATGRHA ^ 

UAbAAUATACCGAGAC I G^TGGGCOAbAGAGCCCTGCACTrA" 

GCAGGGCTCT CTGGCCCACAGTnTn^ TATrTT^ 
> CiGCATCATGATCAGTG 

CACTGATCATftATGGCA 

^^^^^^GGCCAGAGAGCCCTGCACTC 

MTTCTGMTGCTGCCATCATGATCAGTGTCATTG^GTCATr 
ACTATCCTCCTGGTGft TTCTGTATAA^^A^^ ^rT 

CIGCCATCATftATPA^T ~ U ,t/TbT 



4125 



4126 
4127 
4128 



4129 



4133 



4134 
4135 



f36 



4137 



4138 
4139 
4140 



4141 



4142 



r C 
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ICfinical ffienotype & 




mmmi 




ACTGATCATGATGGCAG 


4143 


Alzheimer disease 

He143Phe 

cATT-TTT 


GAGACTGTGGGCCAGAGAGCCCTGCACTCMTTCTGAATGCT 
GCCATCATGATCAGTGTCATTGTTGTCATGACTATCCTCCTGG 
TGGTTCTGTATAAATACAGGTGCTATAAGGTGAGCA 


4144 


TGCTCACCTTATAGCACCTGTATTTATACAGMCCACCAGGAG 
GATAGTCATGACAACAATGACACTGATCATGATGGCAGCATTC 
AGMTTGAGTGCAGGGCTCTCTGGCCCACAGTCTC 


4145 


TCAGTGTCATTGTTGTC 


4146 


GACAACAATGACACTGA 


4147 


Alzheimer disease 

He143Thr 

ATT-ACT 


AGACTGTGGGCCAGAGAGCCCTGCACTCAATTCTGAATGCTG 
CCATCATGATCAGTGTCATTGTTGTCATGACTATCCTCCTGGT 
GGTTCTGTATAAATACAGGTGCTATAAGGTGAGCAT 


4148 


ATGCTCACCTTATAGCACCTGTATTTATACAGAACCACCAGGA 

GGATAGTCATGACAACAATGACACTGATCATGATGGCAGCAT 

TCAGAATTGAGTGCAGGGCTCTCTGGCCCACAGTCT 


4149 


CAGTGTCATTGTTGTCA 


4150 


TGACAACAATGACACTG 


4151 


Alzheimer disease 

Met146lle 

ATGa-ATA 


CCAGAGAGCCCTGCACTCAATTCTGAATGCTGCCATCATGAT 
CAGTGTCATTGTTGTCATGACTATCCTCCTGGTGGTTCTGTAT 
AAATACAGGTGCTATAAGGTGAGCATGAGACACAGA 


4152 


TCTGTGTCTCATGCTCACCTTATAGCACCTGTATTTATACAGA 
ACCACCAGGAGGATAGTCATGACAACAATGACACTGATCATG 
ATGGCAGCATTCAGAATTGAGT GCAGGGCTCTCTGG 


4153 


GTTGTCATGACTATCCT 


4154 


AGGATAGTCATGACAAC 


4155 


Alzheimer disease 

Met146lle 

ATGa-ATC 


CCAGAGAGCCCTGCACTCAATTCTGAATGCTGCCATCATGAT 
CAGTGTCATTGTTGTCATfiACTATCCTCCTGGTGGTTCTGTAT 
AAATACAGGTGCTATAAGGTGAGCATGAGACACAGA 


4156 


TCTGTGTCTCATGCTCACCTTATAGCACCTGTATTTATACAGA 
ACCACCAGGAGGATAGTCATGACAACAATGACACTGATCATG 
ATGGCAGCATTCAGAATTGAGTGCAGGGCTCTCTGG 


4157 


GTTGTCATGACTATCCT 


4158 


AGGATAGTCATGACAAC 


4159 


Alzheimer disease 

Met146Leu 

cATG-TTG 


GGCCAGAGAGCCCTGCACTCAATTCTGAATGCTGCCATCATG 
ATCAGTGTCATTGTTGTCATGACTATCCTCCTGGTGGTTCTGT 
ATAAATACAGGTGCTATAAGGTGAGCATGAGACACA 


4160 


TGTGTCTCATGCTCACCTTATAGCACCTGTATTTATACAGAAC 
CACCAGGAGGATAGTCATGACAACAATGACACTGATCATGAT 
GGCAGCATTCAGAATTGAGTGCAGGGCTCTCTGGCC 


4161 


TTGTTGTCATGACTATC 


4162 


GATAGTCATGACAACAA 


4163 


Alzheimer disease 

Met146Val 

cATG-GTG 


GGCCAGAGAGCCCTGCACTCAATTCTGAATGCTGCCATCATG 
ATCAGTGTCATTGTTGTCATGACTATCCTCCTGGTGGTTCTGT 
ATAAATACAGGTGCTATAAGGTGAGCATGAGACACA 


4164 



WO 01/73002 



-269- 
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: >S.: 



m 



Alzheimer disease 
Thr147lle 
ACT-ATT 



Alzheimer disease 
His163Arg 
CAT-CGT 



Alzheimer disease 
His163Tyr 
cCAT-TAT 



Alzheimer disease 

Trp165Cys 

TGGc-TGC 



Aizneimer disease 
Ser169Leu 
TCA-TTA 



TGTGTCTCATGUTCACCTTATAGCACCTGTATTTATACAGAAC 

GGCAGCATTCAGAATTGAGTGCAGGGCTr TnTCnrr AT 
1 1 GTTGTCATGACTATO 



GATAGTCATGACAACAA 

AOAiiAUUUCTGCACICAAJ ICrGAATbtlGCCAICATGATCA- 

GTGTCAnGnGTCATGACTATCCTCCTGGTGCTT^CT^TAA 
ATACAGGTGCTATA AGGTGAGCATGAfiAnA^ ^rr M 

GATCTG i w i u I ^ATGCTCACCTTATAGCACCTGTATTTATACA 



4165 



GMCCACCAGGAGGATAGJCATGACMCMTGACACTGATCA 
TGATGGCAGCATTCAGMTTGAGTGCAf^ fyrrrTrT 

TGTCATGACT ATCCTHH 
GGAGGATAGTCATGACA 

CTff. i AAUbCi 1 1 G i GGGACCTGT I AA I f ATATTC A A ATGCTiT 

C^^GTCATCCATGCCTGGCmmTATCATCTCTA^ 
GTTGCTGTTCTTTTTTTCATTCATTTAOTTfy;^ 

at?™X^~™ ' ^AAAAAAAGAACAGCMCAATAGAGATG 

^I™ TM ^ CAGGCAIG ^ T ^ CCTA GAAMGAAAGCAT7T 
CAATATAATTAACAG GTCCCACAACCCTT AAAAAr^ ' 

GGTCATCCATGCCTGGC — 



4169 



4170 



4171 



417; 



4173 



GCCAGGCATGGATGACC 

^Znn^ GGGnGTG GGACCTGTTMnATAnGAMTGCn 

TGTTGCTGTTCTTTTTTTCATTCATTTAnTTr;^ 

AATATAATTAACAGGTCCCACAACCCTT AAAAA^T 
AGGTCATCCATGCCTGG 
CCAGGCATGGATGACfrr 



4174 
.4175 
4176 



4177 



AUibi I GTGGGACC I G ITAATTA I A I IbAAAIbU HUM ICT 

GTTC1 1 1 1 1 1 1 CATTCATTTACTTGGGGTAAGTT 

^^^^ j A iY^^V A ^!jl! AAA ^"G A A"^GAAAAAAAGAACAGCAACAAT 

aa^^Z^ ^ G — ^^^^^^GA^^AGAAAAGA 
AAGCAnTCAATA TAATrAACAGGTCr nAf-AAPrrT^ 

CATGCCTGGCTTATTAT 

ATAATAAGCCAGGCATG 

AUUlbirAATTAlAI I GAAATGC'1 1 1 CI 1 1 ICIAGGTCATCCAT 

GCCTGGCTTAnATATCATCTCTATTGnGCTGTTCTTTTTTTC 
ATTCATTTACTTGGGGTAAGTTGTGAAATTTTT ,U """ C 

MAAATTTCACAAC I r ACCCCAAGTAAA1 GAATGAAAAAAAGAA 

CAGCMCMTAGAGATGATATMTM(3CCAGG^GA^ 
CTAGAAM(^GCATTTCAATATAATTAA ^? ° 

TATTATATQATCTCTAT 



4181 



4185 



4186 



r 
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Alzheimer disease 

Leu171Pro 

CTA-CCA 



Alzheimer disease 

Leu173Trp 

TTG-TGG 



Alzheimer disease 
Gty209Arg 
gGGA-AGA 



Alzheimer disease 

Gly209Val 

GGA-GTA 



ATAGAGATGATATAATA 
TMTTATATTGAMTGCTTTCTnTCTAGGT CATCCA TGCCTGG 
CTT ATTATATCATCTCTATTGT TGCTG TTCTTTTTTTCATTCATT 
TACTTGGGGTAAGTTGTGAAATTTTTGGTCTG 



4187 
4188 



CAGACCAAAAATTTCACAACTTACCCCAAGTAAATGAATGAAA 
AAAAGAACAGCAACAATAGAGATGATATAATAAGCCAGGCAT 
GGATGACCTAGAAAAGAAAGCATTTCAATATAATTA 



ATCATCTCTATTGTTGC 



GCAACAATAGAGATGAT 



4189 



4190 



4191 



TATtgaaATgcI i i ci i i i C i AggTCATccatgcctggcttatt 

ATATCATCTCT AnG TTGCTG TTCTTTTTTTCATTCATfTACTTG 
GGGTAAGTTGTGAAATTTTTGGTCTGTCTTTC 



GAAAGACAGACCAAAAATTTCACAACTTACCCCAAGTAAATGA 
ATGAAAAAAAGAACAGCAACAATAGAGATGATATAATMGCCA 
GGCATGGATGACCTAGAAAAGAAAGCATTTCMTA 



TCTATTGTTGCTGTTCT 



AGAACAGCAACAATAGA 

TATMCGTTGCTGTGGACTACATTACTGTTGCACTCCTGATCT 

GGMTTTTGGTGTGGTGGGAATGATTTCCATTCACTGGAAAG 
GTCCACTTCGACTCCAGCAGGCATATCTCATTATGA 



4193 



4194 



4195 



TCATAATGAGATATGCCTGCTGGAGTCGAAGTGGACCTTTCC 

AGTGAATGGAAATCATTCCCACCACACCAAAATTCCAGATCAG 

GAGTGCAACAGTAATGTAGTCCACAGCAACGTTATA 



GTGTGGTGGGAATGATT 



AATCATTCCCACCACAC 
ATAACGTTGCTGTGGACTACATTACTGTTGCACTCCTGATCTG 
GMTTTTGGTGTGGTGGGAATGATTTCCATTCACTGGAAAGGT 
CCACTTCGACTCCAGCAGGCATATCTCATTATGAT 



ATCATAATGAGATATGCCTGCTGGAGTCGAAGTGGACCTTTC 
CAGTGAATGGAAATCATTCCCACCACACCAAAATTCCAGATCA 
GGAGTGCAACAGTAATGTAGTCCACAGCAACGTTAT 



TGTGGTGGGAATGATTT 



AAATCATTCCCACCACA 
TGGACTACATTACTGTTGCAC I CCTGATCTGGAAI 1 1 IGGIGT 
GGTGGGAATGATTTCCATTCACTGGA. AGGTCCACTTCGACT 
OCAGCAGGCATATCTCAfTATGATTAGTGCCCTCAT 



4197 



4198 



4199 
4200 



4201 



4202 



4203 
4204 



Alzheimer disease 

He213Thr 

ATT-ACT 



Alzheimer disease 
Leu219Pro 
CTT-CCT 



ATGAGGGCACTAATCATAATGAGATATGCCTGCTGGAGTCGA 
AGTGGACCTTTCCAGTGAATGGAAATCATTCCCACCACACCA 
AAATTCCAGATCAGGAGTGCAACAGTAATGTAGTCCA 



GATTTCCATTCACTGGA 



TCCAGTGAATGGAAATC _ _ 

CaCTCCTGATCTGGAAI 1 1 1 GGTGTGGTGGGAATGATTTCCAT 
TCACTGGAAAGGTCCACTTCGACTCCAGCAGGCATATCTCAT 
TATGATTAGTGCCCTCATGGCCCTGGTGTTTATCAA 



4205 



4206 



4207 



4208 



f 
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Alzheimer disease 
Ala231Thr 
tGCC-ACC 



izneimer disease 
Ala231Val 
GCC-GTC 



Aizneimer disease 
Met233Thr 
ATG-ACG 



Alzheimer disease 

Leu235Pro 

CTG-CCG 



Izheimer disease 
Ala246Glu 
GCG-GAG 



4212 



4213 



nGATAAAUACCAGGGCCATGAGGGCACTMTCATAATGAGA I 4209 

ATCATTCCCAC CACACCAAAATTCCAnATH A^^A^ 
AGGTCCACTTCGACTr.C: , AOin 

C3GAGTCGAAGTR GACCT 

TATCTCATTATGATTAGTGCCCTCATGGCCCTGGTGT7TATCA 
AGTACCTCCCTGMTQGACTGCGTGGCTnATrrrT ry: ™ 

CCAAGATGAGCCACGCAGTCCA 1 1 GAG GGAGGTACTTGATAA 
GCTGGAGTCGAAG TGGACCTTTCCARTfiAAT fysA a at 

tgattagtgccctcatg 

catgagggcactaatca 

1 1 iuuA'i IUACTGGAAAGGTCCACI ICGACTCCAGCAGGCA, 

ATCTCATrATGATTAGTGCCCTCATGGCCCTGGTGTTTATCAA 
GTACCTCCCTGMTfi GACTGCGTGGCrriATr^l'yi r 

GCCAAGa » liAUUUACGCAGTCCATrCAGGGAGGTACTTGATA 

TGCTGGAGTCGAAg TGGACCTTTCCAGT G A A Trys a a a 
GATTAGTGCCCTCATGG 

CCATGAGGGCACTAA TH 
1 1 CAC 1 GGAAAGGTC 



mm 



TThTniii-rAiT T I uuautccagcaggcaTaTctca" 

CCCTGAATGG ACTGCGTGGCTCATCTTGGCTGT GAT 

atcacau^aauatgagccacgcagi CCATTCAGGGAGGTAC 

TATGCCTGCTGG AGTCGAAGTGGACm TTnrA^A^ 
TGCCCTCATGGCCCTGft 

CCAGGGCCATGAGGGCA 

GGAAAGGTCCACTTCGACTCCAGCAGGCATATCTCATTATGA 

IIiS GC H? TG ^ C ^^^ AT ^CTACCTCCCTG 
AATGGACTGCGTGGCTCATCTTGGCTCTGATTTrA^T 

^GAg^AC^ 

AGGTACTTGATAAACACCAGGGCCATGAGGGCACTAATCATA 
ATGAGATATGCCTG CTGGAGTCGAAGTGGA rrTTTrr 

CATGGCCCTGGT GTTTA 

I AAACACCAGGGCCATG 

IWU iatgattagigccctcatgglcciggigi ITATCAAGTA 

CCTCCCTGMTGGACTGCGTGGCTCATC-rTGGCTGTGATTTC 
AGTATATGGTAAAACCCAAGACTGATAATTTG7TTG 

^JSSSIS 1 C ' TG GGTTTTACCATATACTGAAATCAC 

AGCCAAGATGAGCCACGCAGTCCAnCAGGGAGGTACTTGAT 
AAACACCAGGGCCA TGAGGGCACTAATC ATAAT^A 

ATGGACTGCGTGGCTCA 



4214 
4215 

(2TB" 



4217 



4218 
4219 



4221 



4222 
4223 
4224 



4225 



4226 
4227 
[228 



4229 



4230 
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TGAGCCACGCAGTCCAT 


4231 


Alzheimer disease 

Leu250Ser 

TTG-TCG 


GTGCCCTCATGGCCCTGGTGTTTATCAAGTAUCTCCCTGAAT 
GGACTGCGTGGCTCATCTTGGCTGTGATTTCAGTATATGGTA 
AAACCCAAGACTGATAATTTGTTTGTCACAGGAATGC 


4232 


GCATTCCTGTGACAAACAAATTATCAGTCnGGGTnrTACCAT 
ATACTGAAATCACAGCCAAGATGAGCCACGCAGTCCATTCAG 
GGAGGTACTTGATAAACACCAGGGCCATGAGGGCAC 


4233 


GCTCATCTTGGCTGTGA 


4234 


TCACAGCCAAGATGAGC 


4235 


Alzheimer disease 

Aia260Val 

GCT-GTT 


AGTTTAGCCCATACATTTTATTAGATGTCTTTTATGTTTnCTTT 
TTCTAGATTTAGTGGCTGTnTGTGTCCGAAAGGTCCACTTCG 
TATGCTGGTTGAAACAGCTCAGGAGAGAAATGA 


4236 


TCATTTCTCTCCTGAGCTGTTTCAACCAGCATACGMGTGGAC 
CTTTCGGACACAAAACAGCCACTAAATCTAGAAAAAGAAAAAC 
ATAAAAGACATCTAATAAAATGTATGGGCTAAACT 


4237 


TTTAGTGGCTGTTTTGT 


4238 


ACAAAACAGCCACTAAA 




Alzheimer disease 

Leu262Phe 

TTGt-TTC 


CCCAIACaTi 1 1 ATTAGATGtC 1 1 1 IAIGI 1 1 1 ICI 1 1 1 ICIAGA 
TTrAGTGGCTGT7TTGTGTCCGAAAGGTCCAC1TCGTATGCTG 
GTTGAAACAGCTCAGGAGAGAAATGAAACGCTT 


4240 


AAGCGTTTCATTTCTCTCCTGAGCTGTTTCAACCAGCATACGA 
AGTGGACCTTTCGGACACAAAACAGCCACTAAATCTAGAAAAA 
GAAAAACATAAAAGACATCTAATAAAATGTATGGG 


4241 


GCTGTTTTGTGTCCGAA 


4242 


TTCGGACACAAAACAGC 




Alzheimer disease 

Cys263Arg 

gTGT-CGT 


CCAIACAl 1 1 1 ATTAGATGTC 1 1 1 lAlGI 1 1 1 ICI 1 1 1 IOIAGAI 
nAGTGGCTGTTTTGIGTCCGAAAGGTCCACTTCGTATGCTG 
GTTGAAACAGCTCAGGAGAGAAATGAAACGCTTT 


LOLL 


AAAGCGTTTCATTTCTCTCCTGAGCTGTTTCAACCAGCATACG 

AAGTGGACCTTTCGGACACAAAACAGCCACTAAATCTAGAAA 

AAGAAAAACATAAAAGACATCTAATAAAATGTATGG 


4245 


CTGTTTTGTGTCCGAAA 


4246 


TTTCGGACACAAAACAG 


4247 


Alzheimer disease 

Pro264Leu 

CCG-CTG 


ACAI 1 1 IAI IAGAIGICI 1 1 IAIGI 1 1 1 ICI 1 1 1 ICIAGATT1AG 
TGGCTGI'l 1 1 GTGTCCGAAAGGTCCACTTCGT ATGCTGGTTG 
AMCAGCTCAGGAGAGAMTGAMCGCTTTTTCC 


494R 


GGAAAMGCGTTTCATTTCTCTCCTGAGCTGTTTCAACCAGCA 

TACGAAGTGGACCTTTCGGACACAAAACAGCCACTAAATCTA 

GAAAAAGAAAAACATAAAAGACATCTAATAAAATGT 


4249 


TTTGTGTCCGAAAGGTC 


4250 


GACCTTTCGGACACAAA 


4251 


Alzheimer disease 
Arg269Gly 

tCRT-fifiT 


gtcttttaTgtttttcti ri IOIAGAI 1 IAGIGGCIGI 1 1 IGIG 

TCCGAAAGGTCCACTTCGTATGCTGGTTGAAACAGCTCAGGA 
GAGAMTGAMCGCTTTTTCCAGCTCTCATTTACT 


4252 
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Alzheimer disease 
Arg269His 
CGT-CAT 



Alzheimer disease 
Arg278Thr 
AGA-ACA 



izneimer disease 
Glu280Ala 
GAA-GCA 



/vzheimer disease 
Glu280Gly 
GAA-GGA 



Alzheimer disease 
Leu282Arg 
CTT-CGT 




' bAbAGC ' ^^AAMGCGTTfS^Tf^TCTCCTGAGC 

GTCCACTTCGTATCfrrg; 

CAGCATACGAAGTGftAr. 

Til 1 1 lAlbl 1 1 1 1 CI 1 1 1 fCTAGAI I iAGtGGCTUl I rrrTPtP 
GAAATCAMCGCTTTTTCCAGP/rnTPATTTAr'T^ ^ 



CAGCCACTAAA TCTAGAAAAAGAAAAAP ataaa^^ 

TCCACTTCGTATGCTGG ' 

CCAGCATACGAAGTGGA 

nGAAAXJAGCTCAGGAGAGAMTGAMCGCTTTrTfX 
CATTTACTCCTGTM GTATTTGAGAATfiATATT PAA 

S^ISSSSST^ 1 ^ 1 ' A^AGGAGTAMTGAGAGCTG 
GAAAMGCGmCATTTCTCTCCTGAGCTGmCMCCAflPAl 
ACGMGTGGACCTTTPGGACACAAAAOAry^PTA 
TCAGGAGAGAAATGAAA P 

TTTCATTTCTCTCCTGA 



as* 



•5M 



4253 



4254 
4255 
256 



4257 



Arr^A^SE^^ 3 ' UU AU ' CG TATGCTGGTTGAOT 
AAAGCGTTTCATTTCTC 



4258 
4259 
4260 



4261 



4262 
4263 



4265 



4266 
4267 



L blbltC ^^'^ACITCGIAIbLlbGI IGAAAC HZ 
TCCTGT AAGTA TTTGAGMTGATATTPA ATTA ^ Tft 

CiAGAMTGAAACGfTTTT " 

AAAGCGTTTOATl TCTC 

TOACWGCeCGWregA^^^^ GAGCTGTT 
TGAAACGCTTTTTPPA^ " 

4274 
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rTRGAAAAAGCGTTTCA 


4275 


Alzheimer disease 

Ala285Val 

GCT-GTT 


MGGTCCACTTCGTATGCTGGTTGAAACAGU rCAGGAGAGAA 
ATGAMCGCTTTTTCCAGCTCTCATTTACTCCTGTAAGTATTTG 
AGMTGATATTGAATTAGTAATCAGTGTAGAATTT 


4276 


AAATTCTACACTGATTACTAATTCAATATCATTCTCAAATACTTA 
CAGGAGTAAATGAGAGCTGGAAAAAGCGTTTCATTTCTCTCCT 
GAGCTGTTTCAACCAGCATACGAAGTGGACCTT 


4277 


TTTTCCAGCTCTCATTT 


4278 


AAATftAftAfirTfifiAAAA 


4279 


Alzheimer disease 

Leu286Val 

tCTC-GTC 

• 


GGTCCAClTCGTATGCTGGTTGAAACAGCTCAGGAGAGAAAT 
GAMCGCTTTTTCCAGCTCTCATTTACTCCTGT AAGTATTTGA 
GAATGATATTGAATTAGTAATCAGTGTAGAATTTAT 


4280 


ATAAATTCTACACTGATrACTAATTCAATATCAnCTCAAATACT 
TACAGGAGTAAATGAGAGCTGGAAAAAGCGTTTCATTTCTCTC 
CTGAGCTGTTTCAACCAGCATACGAAGTGGACC 


4281 


TTCCAGCTCTCATTTAC 


4282 


(TCL A ATft Aft AftPTftftA A 


4283 


Alzheimer disease 

fthrtftAAIa 

OlyOOHrMd 

GGA-GCA 


r^Tr^ArrAArTTTTTAATATTTnTMCCTTTCCTTTTTAGGGGGA 

GTAAMCTTGGATTGGGAGATnCATTTTCTACAGTGnCTGG 

TrGGTAAAGCCTCAGCAACAGCCAGTGGAGACTG 


4284 


CAGTCTCCACTGGCTGTTGCTGAGGCTTTACCAACCAGAACA 
r^fTrAfiAAAATRAAATCTCCCAATCCMGTTTTACTCCCCCTA 
AAAAGGAAAGGTTACAAATATTAAAAAGTTGGTCAC 


4285 


TGGATTGGGAGATTTCA 


4286 


TP A A ATPTPPPA ATPPA 


4287 

flff>t»W ■ 


Alzheimer disease 
AGT-ATT 


ttt^tA APPTTTPPTTTTT AftftftftfiAttTAAAAL* 1 1 GGAITGGG 
1 1 1 v7 1 nMw 1 1 1 ww Mill nOOOOwAu I nnnnu i i vjvjtv i i wvjvj 

AGATTTCATnTCTACAGTGTTCTGGTTGGTAAAGCCTCAGCA 
ACAGCCAGTGGAGACTGGAACACAACCATAGCCTG 


4288 


CAGGCTATGGTTGTGTTCCAGTCTCCACTGGCTGTTGCTGAG 
GrTTTArrAACCAGAACACTGTAGAAAATGAAATCTCCCAATC 
CAAGTrTTACTCCCCCTAAAAAGGAAAGGTTACAAA 


4289 


nTCTACAGTGTTCTGG 


4290 


fPAfiAAPArTf5TAf5AAA 


4291 


Alzheimer disease 

1 AiiQQ3\/*al 

Leujy^vai 
tCTG-GTG 


" AArrTTT^rTTTTTA^GGGAGTAAAACTTGGATTGGGAGATT 

AViWW 1 1 1 WW Mill /AV3V3\JVJVJ*»V3 1 nnnnw • 1 wwr"% 1 1 Wv» » » ■ 

TrATTTTrTAPAfiTfiTTCTGGTTGGTAAAGCCTCAGCAACAGC 
CAGTGGAGACTGGAACACAACCATAGCCTGTTTCG 


4292 


CGAAACAGGCTATGGTTGTGTTCCAGTCTCCACTGGCTGTTG 
CTGAGGCTTTACCAACCAGAACACTGTAGAAAATGAAATCTCC 
CAATCCAAGll 1 1 ACTCCCCCTAAAAAGGAAAGGTT 


4293 


ACAGTGTTCTGGTTGGT 


4294 


ACCAACCAGAACACTGT 


4295 


Alzheimer disease 

Asn405Ser 

AAC-AGC 


ATTTCATTTTCTACAGTGTTCTGGTTGGTAAAGCCTCAGCAAC 
AGCCAGTGGAGACTGGAACACAACCATAGCCTGTTTCGTAGC 
CATATTAATTGTAAGTATACACTAATAAGAATGTGT 


4296 
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I GGAGATTGGAAGAGCTG 4319 



EXAMPLE 25 
Alzheimer's Disease - presenilin-2 (PSEN2) 

The attached table discloses the correcting oligonucleotide base sequences for the 
PSEN2 oligonucleotides of the invention. 



Table 32 

PSEN2 Mutations and Genome-Correctina Ofigos 



CSnicat Phenotype* 




ISlQPf 

IfiH 


Alzheimer disease 

Ara62His 

CGC-CAC 


GATGTGGTTTCCCACAGA6AAGCCAGGAGAACGAGGAGGAC 
GGTGAGGAGGACCCTGACCGCTATGTCTGTAGTGGGGTTCC 
CGGGCGGCCGCCAGGCCTGGAGGAAGAGCTGACCCTCAA 


4320 


TTGAGGGTCAGCTCTTCCTCCAGGCCTGGCGGCCGCCCGGG 
AACCCCACTACAGACATAGCGGTCAGGGTCCTCCTCACCGTC 
CTCCTCGTTCTCCTGGCTTCTCTGTGGGAAACCACATC 


4321 


CCCTGACCGCTATGTCT 


4322 


AGACATAGCGGTCAGGG 


4323 


Alzheimer disease 

Thr122Pro 

cACG-CCG 


GCCTCGAGGAGCAGTCAGGGCCGGGAGCATCAGCCCTTTGC 

CTTCTCCCTCAGCATCTACACGACATTCACTGAGGACACACC 

CTCGGTGGGCCAGCGCCTCCTCAACTCCGTGCTGAACA 


"4324 


TGTTCAGCACGGAGTTGAGGAGGCGCTGGCCCACCGAGGGT 
GTGTCCTCAGTGAATGTCGTGTAGATGCTGAGGGAGAAGGCA 
AAGGGCTGATGCTCCCGGCCCTGACTGCTCCTCGAGGC 


4325 


GCATCTACACGACATTC 


4326 


GAATGTCGTGTAGATGC 


4327 


Alzheimer disease 

Asn141ile 

AAC-ATC 


ACACGCCATTCACTGAGGACACACCCTCGGTGGGCCAGCGC 
CTCCTCAACTCCGTGCTGAACACCCTCATCATGATCAGCGTC 
ATCGTGGTTATGACCATCTTCTTGGTGGTGCTCTACAA 


4328 


TTGTAGAGCACCACCAAGAAGATGGTCATAACCACGATGACG 
CTGATCATGATGAGGGTGTTCAGCACGGAGTTGAGGAGGCG 
CTGGCCCACCGAGGGTGfGTCCTCAGTGAATGGCGTGT 


4329 


CGTGCTGAACACCCTCA 


4330 


TGAGGGTGTTCAGCACG 


4331 


Alzheimer disease 
Me&ttlle 

ATCn-ATA 


ccaCtggaagggCcctCtggtgctgcagcaggcctacctca 
tcatgatcagtgcgctcatggccctagtgttcatcaagtacct 
cccagagtggtccgcgtgggtcatcctgggcgccatc 


4332 
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Alzheimer disease 
Met239Vai 
cATG-GTG 



cjcgctcatggccctagt ~~ 

ACTAGGGCCATGAttfra 

" ' ' GGAAGGGCCCTCTGGI bt I bCAGCAGGCCTACHT 
CATCATGATCAGTGCGCTCATGGCCCTAGTGnCATCMCTA 

lAGGGCCATGARnRnan 



EXAMPLE 26 

Plant Cells 



The okgonucleoddes ofthe invenlion can also be used to repair or direct a mutagenic 

nahrt outers, toe ongonucleobdes of the inventon can be used to produce -knock our mutadons by 
mogadon of spe* an* acid codons to produce stop codons (e.g.. a CAA<»do„ specilyin, On can 

sfeandaCGA cc^fbr^canbernodBedtoaUCMcmfwataspeoifcste). Such base pair 

ofteestopcodon. AHernaavefy. frameshift add«ons or deMons can be directed into Ihe genome at a 
specifc sequence to intenup, tee rea** name and produce a garbled downslrean ^ Such stop 
or tare* mutadons c* „ inWdlBed b ^ „ ^ of ^ ^ ^ 



or animal cells. 



M **nsandpatertapplicaltons^ 
by reference as if each indhddual putte«on or paten. appKcadon me spe**y and WMdually 
■nd^ed to be incorporated by reference. «ough tee ibregoing inuendon has been described in some 

*^*^*ai»««W*tel^.n»,^* ( ^ (|| .^ I1- 
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WHAT IS CLAIMED IS: 

1 . An oligonucleotide for targeted alteration(s) of genetic sequence, comprising a 
single-stranded oligonucleotide having a DNA domain, said DNA domain having at least one mismatch 
with respect to the genetic sequence to be altered, and further comprising chemical modificafions within 
the oligonucleotide, said targeted alteration® occurring more frequently than alteration® of the genetic 
sequence by a double-stranded double hairpin chimeric oligonucleotide containing RNA and DNA 
nucleotides. 

2. The oligonucleotide according to claim one that comprises at least one 
phosphorothioate linkage within the oligonucleotide. 

3. The oligonucleotide according to daim one that comprises a 2-O-methyl analog. 

4. The oligonucleotide according to daim one that comprises a locked nucleotide 

analog. 

5. The oligonucleotide, according to daim one that comprises a combination of at 
least two modifications selected from the group of a phosphorothioate linkage, a 2-0-methyl analog, a 
locked nucleotide analog and a ribonucleotide. 

6. The oligonucleotide according to any one of claims 1 to 5 that comprises at least 
one unmodified ribonucleotide. 

7. The oligonucleotide according to any one of claims 1 to 6, wherein the sequence 
of said oligonucleotide is selected from the group consisting of SEQ ID NOS: 1-4340. 

8. A method of targeted alteration of genetic material, comprising combining the 
target genetic material with an oligonucleotide according to any one of claims 1 to 7 in the presence of 
purified proteins. 
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9. A method of targeted alteration of genetic material, comprising administering to a 
cell extract an oligonucleotide of any one of claims 1 to 7. 

10. A method of targeted alteration of genetic material, comprising administering to a 
cell an oligonucleotide of any one of claims 1 to 7. 

11. A method of targeted alteration of genetic sequence in a subject comprising 
administering to the subject an oligonucleotide of any one of claims 1 to 7. 

1 2. A method of targeted alteration of genetic sequence, comprising combining target 
genetic material with an oligonucleotide according to any one of claims 1 to 7. sad target genetic material 
being a non-transcribed DNA strand of a duplex DNA 



13. The genetic material obtained by any one of the methods of daim 8, 9 or claim 

10. 



1 4. A cell comprising the genetic material of claim 1 3. 

15. A non-human organism comprising the cell according to claim 14. 

16. A pharmaceutical composition comprising the oligonucleotide according to any 
oneofclaims1to7. 

17. A method of targeted chromosomai genomic aiteraSon, comprising administering 
the pharmaceutical composition of claim 16 to a subject 

18. A non-human organism produced by the method of claim 1 1 or claim 17. 

1 9. A method of optimizing an oligonucleotide for targeted alteration of a genetic 
sequence, which comprises: 

(a) comparing the efficiency of alteration of a targeted genetic sequence by an oligonucleotide of 
any one of claims 1 to 7 with the efficiency of alteration of the same targeted genetic sequence by a 



V 
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second oligonucleotide, said second oligonucleotide selected from the group of (1) an oligonucleotide that 
is fully complementary to the target and lacks the mismatch, (2) a fully modified phosphorothiolated 
oligonucleotide, (3) a fully modified 2-0-methylated oligonucleotide and (4) a chimeric double-stranded 
double hairpin containing RNA and DNA nucleotides. 

20. The method of claim 19 in which the alteration is produced in a cell extract 

21 . The method of claim 20 in which the cell extract is selected from the group of a 
fungal cell extract a plant cell extract a rodent cell extract a primate cell extract and a human cell extract 

22. The method of claim 1 9 in which the alteration is produced in a cell. 

23. The method of claim 21 in which the cell is selected from the group of a fungal cell, a 
plant cell, a rodent cell, a primate cell and a human cell. 

24. A kit comprising the oligonucleotide according to any one of claims 1 to 7 and a 
second oligonucleotide selected from the group of (1) an oligonucleotide that is fully complementary to the 
target and lacks the mismatch, (2) a fully modified phosphorothiolated oligonucleotide, (3) a fully modified 
2-O-methylated oligonucleotide and (4) a chimeric double stranded double hairpin containing RNA and 
DNA nucleotides. 
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Wild type: GAC AGC AT 0GCCAGT 
Mutant GAC AGC AT - GCCAGT 
Converted; GAC AGC AT (F]GCCAGT 



Sequence analysis of Tet r plasmid A208 



Control 



3S/25A 



6ACAIIAI GC r a-7Tt— F 




Figure 3 
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DNA sequence analysis of Kan r plasmids 




Target codon distribution 

olifrranw 

1) 3S/25G (20) 

2) 6SE5G (20) 

3) 8S/25G (20) 

4) 10S/25G(18) 

5) 25S/25G (4) 
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Figure 4 
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, HyqE3T/25; 5'-AGg GCG TGG ATA CGT CCT GCG G£T A-3 1 



HYqE3T/74: 5»-£T£ GTG CTT TCA GCT TCG ATG TAG GAG GGC 

GTG GAT ACG TCC TGC GGG TAA ATA GCT GCG 
CCG ATG GTT TCT AC-3' 



HyqE3T/74or? 5 • -GTA GAA ACC ATC GGC GCA GCT ATT TAC CCG 

CAG GAC GTA TCC ACG CCC TCC TAC ATC GAA 
GCT GAA AGC ACG AG -3 ' 



HvaGG/Rpv' 



T 

/ \ 



T 

T ACATCCTCCCGCACCTATGCAGGACGCCCAT ^ 
T 

\ 

T 3' 5 



^ ^TGTAGGagggcguggaTAGGTccugcgggua T 



KaoIOTj. 5 '-CAT CAG AGC AGC CAA TTG TCT GTT GTG CCC AGT 

CGT AGC CGA ATA GCC TCT CCA CCC AAG CGG CCG GAG 



Figure 8 
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TTCGGCTA G GACTGG Ne o/kan target 

AAGCCGAT C CTGACC mutant 



TTCGGCTA C GACTGG 
AAGCCGAT G CTGACC 



converted 



FUSION GENE FOR LIGAND BINDING 



ADHl 




Figure 9 
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(57) Abstract: Presented are methods and compositions for targeted chromosomal genomic alterations using modified 
sinele-siranded oligonucleotides. The oligonucleotides of the invention have at least one modified single-stranded oligonucleotide^ s. 
The oligonucleotides of the invention have at least one modified nuclease -resistant terminal region comprising phophorothio3-' te 
linkages, LNA analogs or 2 r -0-Me base analogs. 
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